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SYSTEM AND METHOD FOR MONITORING
CABLE LIFE

TECHNICAL FIELD

The present disclosure generally relates to a machine
having an implement system. More particularly, the present
disclosure relates to system and method for monitoring life
of a cable of the implement system.

BACKGROUND

Drilling machines may include a drilling apparatus which
may include, in part, a drill head configured to engage a
work surface at a worksite. The drilling apparatus may
include cables, which may be used, along with other com-
ponents of the drilling apparatus, to facilitate the movement
and/or positioning of the drnll head, and may further facili-
tate the engagement between the drill head and the surface
which the dnll head may be acting upon. However, such
cables may wear, may stretch, and may fail due to factors
and/or conditions including but not limited to the cables
experiencing repeated use over time, which may lead to loss
of productivity due to machine downtime and 1n some cases
may even cause damage to other components of the drilling
apparatus.

U.S. Pat. No. 7,138,925 B2 to Nield (hereinafter, “the
"925 patent”) to relates to relates to microprocessor con-
trolled circuits and signals responsive to the proximity or
distance ol an object coming too close to or moving too far
from another object, and 1s useful for setting, controlling and
displaying travel limits and ton-mile data of ho1st equipment
used on cranes, general hoists and drill rigs. In particular, the
925 patent discloses a multi-function cable hoist system
controller which monitors a variety of drilling rig hoist
system functions, including, positioning of the hoist block of
the hoist system, speed/momentum of the hoist block, and
hoist block loading. The controller can also monitor cable
ton-mile parameters, weight on the drill bit, and drill bit
penetration rate monitor. The controller automatically con-
trols operation of the hoist system’s draw-works when the
system’s operation exceeds certain preset and user specified
parameters.

SUMMARY OF THE INVENTION

In an aspect of the present disclosure, a method for
monitoring a cable of an implement system 1s disclosed. The
implement system includes a drilling device, a tensioning
device and the cable. The cable 1s coupled to the drilling
device and the tensioning device in a taut configuration to
define a first length. The method includes determining, by a
controller, an increment in the first length of the cable. The
method further includes comparing, by the controller, the
increment in the first length with a threshold value and
generating, by the controller, a warning signal 11 magnitude
of the increment 1s greater than the threshold value.

In another aspect of the present disclosure, an implement
system for a drilling machine 1s disclosed. The implement
system includes a drilling device, a tensioning device, a
cable coupled to the drilling device at one end and the
tensioning device at other end i1n a taut configuration to
define a first length. The cable 1s configured to move the
drilling device with respect to a ground surface. The imple-
ment system further includes a sensor positioned on the
tensioning device and 1n communication with the cable. The
sensor 1s configured to detect one or more parameters
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associated with the cable. The mmplement system also
includes a controller that 1s communicably coupled to the
sensor and 1s configured to determine an increment in the
first length of the cable, compare the increment 1n the first
length with a threshold value and generate a warning signal
il magnitude of the increment 1s greater than the threshold
value.

In yet another aspect of the present disclosure, a drilling
machine 1s disclosed. The drilling machine includes a frame,
a mast mounted on the frame, a rotary head movable along
the mast, a drilling tool coupled to the rotary head. The
drilling tool 1s configured to rotate on being engaged by the
rotary head. The drnilling machine further includes one or
more cables coupled to the rotary head for moving the rotary
head relative to the mast and one or more tensioning devices
coupled to the one or more cables. The one or more
tensioning devices are configured to remove slack created in
the one or more cables. The drilling machine further
includes a sensor communicably coupled with the one or
more cables. The sensor 1s configured to detect one or more
parameters associated with each cable of the one or more
cables. The drilling machine further includes a controller
that 1s communicably coupled to the sensor and 1s config-
ured to determine an increment 1n length of each cable based
on the one or more parameters associated with each cable,
compare the increment in length of each cable with a
threshold value and generate a warning signal 11 the incre-

ment 1n length of at least one cable of the one or more cables
1s greater than the threshold value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagrammatic illustration of a machine oper-
ating at a worksite, in accordance with an embodiment of the
present disclosure;

FIG. 2 illustrates a portion of an implement system
mounted on the machine, 1n accordance with an embodiment
of the present disclosure;

FIG. 3 1llustrates the implement system having a hydrau-
lic system, 1n accordance with an embodiment of the present
disclosure:

FIG. 4 1llustrates a configuration of the implement system
to lower a drilling device along a vertical direction, in
accordance with an embodiment of the present disclosure;

FIG. 5 1llustrates a configuration of the implement system
to lift the drilling device along the vertical direction, in
accordance with an embodiment of the present disclosure;

FIG. 6 illustrates the implement system having a first
cable of first length, 1n accordance with an embodiment of
the present disclosure;

FIG. 7 illustrates the implement system wherein the first
cable experiences an increment 1n the first length, 1n accor-
dance with an embodiment of the present disclosure; and

FIG. 8 depicts a schematic and diagrammatic illustration
of a machine management system as well as a distribution
and supply system associated with the machine and cable
monitoring system thereof, in accordance with an embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

Retference will now be made in detail to embodiments of
the disclosure, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same ref-
erence numbers will be used throughout the drawings to
refer to the same or like parts.
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FIG. 1 illustrates a machine 100 operating at a worksite
102. In particular, to provide one non-limiting example of a
machine 100 1 which embodiments of the present disclo-
sure can be implemented, the machine 100 shown in FIG. 1
1s depicted as a drilling machine 101, such as a rotary drill
or a blast hole drill, used for drilling or otherwise forming
holes, channels, tunnels or openings into, within, and/or
extending into and/or below a work surface 104 of the
worksite 102, including but not limited to soil, sediment,
sand, rock, or any other work surface 104 for any of a variety
ol applications 1n which penetration of a surface via a drill
can be utilized as necessary or beneficial, including but not
limited to for, or in connection with, sub-surface mineral
extraction, such as, e.g., o1l or natural gas; mineral explo-
ration or environmental exploration drilling; hydraulic frac-
turing; oil, gas, and/or water extraction wells; rock cut
drilling for mining and/or quarrying operations; and the like.
However, it should be understood that the spirit and scope of
the present disclosure includes any machine 100, machine
system, or application which can implement the system and
method for monitoring cable life according to any embodi-
ment of the present disclosure, including but not limited to
types of drilling machines which can vary from the drilling
machine 101 illustrated i FIG. 1, and additionally, or
alternatively, any other type of machine which can imple-
ment the system and method for monitoring cable life
according to any embodiment of the present disclosure for
any of a variety of applications and/or contexts.

In the embodiment illustrated, the machine 100 1s an
operator operated machine. However, in various other
embodiments, the machine 100 can be a machine have
varying levels of autonomy. For instance, the machine 100
can be an autonomous machine, a semiautonomous
machine, a remotely operated machine, or a remotely super-
vised machine.

The machine 100 includes a frame 108, a power source
110 an operator station 116, a mast 118 and an 1mplement
system 120 (1llustrated 1n FIG. 2). The power source 110 can
be any suitable power source or system capable of gener-
ating and/or supplying power to operate the machine 100 (as
well as the systems and components thereof, as disclosed
herein), including but not limited to a diesel engine, a
gasoline engine, a gaseous fuel-powered engine, an electri-
cal motor, a fuel cell, a battery, and/or combinations thereof.
The power source 110 can be mounted on the frame 108, and
in the exemplary embodiment shown 1n FIG. 1, the power
source 110 1s be mounted on a front frame section 124 of the
machine 100.

In embodiments wherein the machine 100 1s a land based
(e.g., non-marine) and further 1s a mobile machine 100 such
as the exemplary drilling machine 101 shown in FIG. 1, the
machine 100 can further include a transmission system 112
and two or more ground engaging propulsion members 114.
The transmission system 112 can be mounted on the frame
108 and further can be positioned on the frame 108 proxi-
mate to the power source 110 such that the transmission
system 112 can be mechanically coupled thereto. In the
exemplary embodiment shown in FIG. 1, the transmission
system 112 1s mounted on the front frame section 124. The
frame 108 of the machine 100 as embodied as a mobile
machine 100 (e.g., the exemplary drilling machine 101) 1s
attached to the two or more ground engaging propulsion
members 114 which support the frame 108 above, and
engage, the work surface 104 to effectuate one or more of
movement, turning, positioning, and travel of the machine
100 on the work surface 104, as further discussed herein. In
the exemplary embodiment 1llustrated in FIG. 1, the two or
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4

more ground engaging propulsion members 114 are embod-
ied as a pair of endless track assemblies on opposing sides
of the machine 100 (1t 1s to be understood that although only
one ground engaging propulsion member 114 embodied as
an endless track assembly 1s shown 1n FIG. 1, an additional,
identical endless track assembly 1s included on the opposing
side of the machine 100, as known 1n the art). However, it
should be understood that the two or more ground engaging
propulsion members 114 can alternatively be embodied as
two or more wheels or any other suitable devices capable of
cllectuating one or more ol movement, turning, positioning,
and travel of the machine 100. The transmission system 112
can be mechanically, or otherwise operatively, connected to
the power source 110 and the two or more ground engaging
propulsion members 114 to eflectuate and control the trans-
mission ol power from the power source 110 to the two or
more ground engaging propulsion members 114 such that
the two or more ground engaging propulsion members 114
are rotatably or otherwise movably engaged and actuated to
propel the machine 100 to effectuate one or more of move-
ment, turning, positiomng, and travel of the machine 100 on
the work surface 104 of the worksite 102. The transmission
system 112 can be any transmission or similar system, such
as a mechanical, hydromechanical, hydrodynamic, hydro-
static, continuously vaniable, infinitely variable, electric, or
any other suitable transmission system which can be
selected based on factors including but not limited to the
configuration, type, and/or application requirements of the
power source 110, the two or more ground engaging pro-
pulsion members 114, and/or the machine 100, and can
include gears, clutches, shaftts, belts, and/or any other suit-
able components based upon and specific to the type of
transmission system 112 implemented within the machine
100. The machine 100 can also include jacks 117. The jacks
117 can be configured to support/stabilize the machine 100
on the work surface 104 during working/drilling mode of
operation of the machine 100. Although jacks 117 are
illustrated 1n the embodiment shown 1n FIG. 1 as included
in the machine 100 embodied as a mobile, drilling machine
101, jacks 117 can also be included 1n alternative embodi-
ments wherein the machine 100 1s a stationary or non-
independently mobile machine 100.

With continued reference to FIG. 1, the frame 108 of the
machine 100 includes a rear frame section 122 and the front
frame section 124 in various embodiments (non-mobile,
mobile, etc.) of the machine 100. In an embodiment, the
jacks 117 are attached to the frame 108, and, 1n one example,
can be actuatably coupled to the rear frame section 122 and
the front frame section 124, and, upon actuation, the jacks
117 are configured to extend from the frame 108 to engage
the work surface 104 to support/stabilize the machine 100 on
the work surface 104 as can be required or beneficial in
connection with various operations and/or uses of the
machine 100, including but not limited to during working/
drilling mode of operation of the machine 100, as further
discussed herein. The operator station 116 1s located/
coupled/mounted on the frame 108, and 1n the embodiment
shown 1n FIG. 1, the operator station 116 1s located/coupled/
mounted on the rear frame section 122. The operator station
116 can include an operational control system 126, which
can 1nclude one or more control devices 127 which can
include and be embodied as any one or more of one or more
joysticks, pedals, levers, buttons, steering wheels, and any
other suitable control device or interface (or any of various
combinations thereof) configured to be actuated or otherwise
engaged to eflectuate control of the machine 100 as well as
the various systems and components thereol according to
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any of the embodiments, as disclosed herein, including, 1n
part, to engage the operation of the machine 100 according
a plurality of particular modes of operation for the machine
100, which can include, 1n part, a working/drilling mode of
operation. In embodiments wherein the machine 100 1s a
mobile machine 100, including the exemplary drilling
machine 101 shown 1n FIG. 1, the machine 100 can include
two or more modes ol operation, including, i pan, a
working mode or a travelling mode, which can be actuated,
selected, commanded, and/or engaged via the operational
control system 126. The operator station 116 can also
include a display unit 106 for displaying visual data per-
taining to the components and/or the current operations of
the machine 100 to an operator stationed within the operator
station 116. The display unit 106 can include a Light
Emitting Diode (LED) display, an Edge LED display, a Thin
Film Transistor (TFT) display, a Liquid Crystal Display
(LCD) display, and/or the like. In one embodiment, the
display unit 106 can additionally be included as a control
device 127 of the operational control system 126, wherein
the display unit 106 can be embodied as an input and display
unit as mcluding the functionalities, capabilities, and inter-
face format of a tablet computing device (or otherwise
consistent therewith), and can be connected in electronic
communication with a controller 232 (as further disclosed
herein with reference to FIG. 2) such that, through the
display unit 106, the operator can interact with, control,
and/or operate the various systems ol the machine 100
including but not limited to the implement system 120 and
a cable monitoring system 121 (as further disclosed herein
with reference to FIG. 2) thereof (including but not limited
to entering information, providing inputs, adjusting param-
cters, and the like), and additionally can receive and transmut
information, notifications, and alerts from the various sys-
tems of the machine 100 including but not limited to the
cable monitoring system 121 thereol which can include one
or more of textual or visual alerts, audio alerts, and/or
tactile/vibrational alerts displayed, output, or otherwise pro-
vided to the operator via the display unit 106, as disclosed
turther herein.

As 1llustrated 1n FIG. 1, the mast 118 1s mounted on the
frame 108 of the machine 100. The mast 118 (also referred
to as a derrick or tower) can be movable relative to the frame
108 between a substantially vertical position and a non-
vertical position via use of a first mast lift cylinder 128 and
a second mast lift cylinder 130. Varying the position of the
mast 118 (via the first mast lift cylinder 128 and the second
mast lift cylinder 130) will vary the angle of dnlling. The
mast 118 1s a linearly-extending structure, and 1n the exem-
plary embodiment and configuration of the machine 100
illustrated in FIG. 1, 1s an upright structure, extending along
a longitudinal axis 136 and can include a top end 132,
generally referred to as ‘crown’, and a bottom end 134,
generally referred to as the ‘mast base’. The implement
system 120 can be mounted on the mast 118 of the machine
100, and as shown 1n FIG. 1 and as further illustrated 1n
FIGS. 2-7, the implement system 120 can be positioned
between, and can be mounted or otherwise attached to, (or
when oriented 1n the upright position as 1illustrated 1n FIG.
1) an upper mounting structure 133 of the mast 118, and (or
when oriented 1n the upright position as 1illustrated 1n FIG.
1) a lower mounting structure 135 of the mast 118, wherein
the first or upper mounting structure 133 and the second or
lower mounting structure 135 can be located at, or are
otherwise oriented proximate to, the top end 132 and the
bottom end 134 of the mast 118, respectively. The imple-
ment system 120 includes a drilling device 138, a first
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6

tensioning device 140, a second tensioming device 142, a
first cable 144, a second cable 146 and a cable feed system
148, as illustrated 1in FIG. 2.

The drilling device 138 can include a drill pipe 150, a
rotary drill head 152 and a drill bit 154. The drill pipe 150
can be a long straight section having a first pipe end 156 and
a second pipe end 158. The first pipe end 156 can be coupled
to the drill head 152 and the second pipe end 158 can extend
outward from drill head 152 and can receive or otherwise
include the drill bit 154 coupled thereto. As such, the second
pipe end 158, including the drill bit 154, can be defined as
the drilling end of the drill head 152. The drill head 152 can
be configured to rotate the drill bit 154, via the drill pipe 150,
to perform the drilling operation. The rotary drill head 152
can be actuated to move and/or travel up and down the mast
118 along the length thereof between the top end 132 and the
bottom end 134 and/or be positioned at any of a plurality of
positions therebetween, via a synergistic operation of the a
first tensioming device 140, a second tensioning device 142,
a first cable 144, a second cable 146 and a cable feed system
148 as well as the differences in mutually opposing forces
exerted on opposing ends of the rotary drill head 152 by the
same.

As discussed above, the implement system 120 also
includes the cable feed system 148, as 1llustrated in FIG. 2.
The cable feed system 148 includes a dual rod, single piston
type hydraulic feed cylinder 160 having a cylinder body 162,
a first piston rod 164, a second piston rod 166, and a
common piston 168. The first piston rod 164 and the second
piston rod 166 can be attached to the common piston 168
and slidably disposed within the cylinder body 162. Fur-
thermore, 1n one embodiment, the dual rod, single piston
type hydraulic feed cylinder 160 can be positioned between
the upper mounting structure 133 and the lower mounting
structure 1335 of the mast 118, wherein the first piston rod
164 can extend outwardly from the common piston 168 and
the cylinder body 162 to an opposing end coupled to the
upper mounting structure 133, and the second piston rod 166
can extend outwardly from the common piston 168 and the
cylinder body 162 to an opposing end coupled to the lower
mounting structure 135. The common piston 168 defines an
upper chamber 170 and a lower chamber 172 within the
cylinder body 162. The hydraulic feed cylinder 160 also
includes a top feed cylinder end 174 and a bottom feed
cylinder end 176, wherein the top feed cylinder end 174 can
be ornented toward the upper mounting structure 133 and/or
the top end 132 of the mast 118, and the bottom feed cylinder
end 176 can be oriented toward the lower mounting structure
135 and/or the bottom end 134 of the mast 118.

The cable feed system 148 can also include a first sheave
178 or pulley as well as a second sheave 180 or pulley
coupled to the hydraulic feed cylinder 160, and, 1n one
embodiment, the cylinder body 162 thereot. The first sheave
178 can be coupled or attached to the top feed cylinder end
174 of the hydraulic feed cylinder 160. In particular, the first
sheave 178 can be coupled or attached to the hydraulic feed
cylinder 160 at, or alternatively, adjacent to the top feed
cylinder end 174 thereof. Similarly, the second sheave 180
can be coupled or attached to the bottom feed cylinder end
176 of the hydraulic feed cylinder 160. In particular, the
second sheave 180 can be coupled or attached to the
hydraulic feed cylinder 160 at, or alternatively, adjacent to
the bottom feed cylinder end 176 thereof. The first sheave
178 and the second sheave 180 can be configured to move
between and travel linearly up and down, toward and away
from the upper mounting structure 133 and the lower
mounting structure 135, respectively, along with, 1n unison
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with, and by virtue of the actuation and corresponding
movement of the hydraulic feed cylinder 160.

Referring to FIG. 3, the first cable 144 can include a first
end 182, a second end 184 on an end of the first cable 144
opposite the first end 182, a first intermediate portion 186
and a second intermediate portion 188. The first intermediate
portion 186 and the second intermediate portion 188 can
correspond to short length segments of the first cable 144,
wherein the first intermediate portion 186 can be defined as
a section or portion of the first cable 144 proximate to the
first end 182, and the second intermediate portion 188 can be
defined as a section or portion of the first cable 144 proxi-
mate to the second end 184 of the first cable 144. The first
cable 144 can extend between the first end 182 and the
second end 184 to define a first cable length ‘LL1°. The first
end 182 can be coupled to the rotary drill head 152. The first
intermediate portion 186 can be disposed on and/or extend
through to be engaged with a first pulley 190 (coupled to the
mast 118 oriented toward the top end 132 thereof, or
additionally, or alternatively, coupled to the upper mounting
structure 133 of the mast 118) such that the first intermediate
portion 186 partially encircles the first pulley 190. The
second intermediate portion 188 can extend through to be
engaged with and can be at least partially encircling the first
sheave 178 attached to the top feed cylinder end 174 of the
hydraulic feed cvylinder 160. The second end 184 can be
coupled or attached to the first tensioning device 140
coupled to the upper mounting structure 133 of the mast 118
such that the first tensioning device 140 maintains the first
cable 144 1n a taut configuration or condition (1.¢. 1n ten-
sioned condition with no slack in the first cable 144). The
first cable 144 can be a metallic cable, a braid of high tensile
strength wires, a composite cable, or any other suitable cable
known 1n the art.

Similarly, the second cable 146 can include a first end
192, a second end 194 on an end of the second cable 146
opposite the first end 192, a first intermediate portion 196
and a second intermediate portion 198. The first intermediate
portion 196 and the second intermediate portion 198 can
correspond to short length segments of the second cable 146,
wherein the first intermediate portion 196 can be defined as
a section or portion of the second cable 146 proximate to the
first end 192 of the second cable 146, and the second
intermediate portion 198 can be defined as a section or
portion of the second cable 146 proximate to the second end
194 of the second cable 146. The second cable 146 can
extend between the first end 192 and the second end 194 to
define a second cable length ‘L.2°. In one embodiment, prior
to use, upon 1nstallation, and/or during operating conditions
under which neither of the first cable 144 or the second cable
146 have experienced stress, loads, or other conditions
which result in stretching, as further discussed herein, the
second cable length ‘.2 of the second cable 146 1s equiva-
lent to the first cable length ‘L1 of the first cable 144. The
first end 192 of the second cable 146 can be coupled and/or
attached to the rotary dnll head 1352, wherein, in one
embodiment, the first end 192 of the second cable 146 can
be coupled and/or attached to the rotary drill head 152 on a
side, end, or position of the rotary drill head 152 which can
be opposite that to which the first end 182 of the first cable
144 1s attached, or 1s otherwise attached to the rotary dnll
head 152 such that the first end 192 of the second cable 146
exerts a force on the rotary drnll head 152 1n a direction
which opposes that which the first end 182 of the first cable
144 exerts upon the rotary drill head 152. The first interme-
diate portion 196 of the second cable 146 can be disposed on
and/or extend through to be engaged with a second pulley
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200 (coupled to the mast 118 oriented toward the bottom end
134 thereot, or additionally, or alternatively, coupled to the
lower mounting structure 135 of the mast 118) such that the
first intermediate portion 196 of the second cable 146
partially encircles the second pulley 200. The second inter-
mediate portion 198 can be disposed on and/or can extend
through to be engaged with the second sheave 180 attached
to the bottom feed cylinder end 176 of the hydraulic feed
cylinder 160 such that the second intermediate portion 198
partially encircles the second sheave 180. The second end
194 of the second cable 146 can be coupled to the second
tensioning device 142 coupled to the lower mounting struc-
ture 135 of the mast 118 such that the second tensioning
device 142 maintains the second cable 146 in the taut
configuration or condition (1.e. in tensioned condition with
no slack i1n the second cable 146). The second cable 146 can
also be one of a metallic cable, a braid of ligh tensile
strength wires, a composite cable, or any other suitable cable
known 1n the art.

The taut configuration of the first cable 144 and the
second cable 146 can be imparted by the first tensioning
device 140 and the second tensioming device 142 respec-
tively. The first tensioming device 140 and the second
tensioning device 142 are actuatably attached to the first
cable 144 and the second cable 146, and more particularly,
the (second) ends 184, 194, thereof, respectively. In particu-
lar, each of the first tensioning device 140 and the second
tensioning device 142 include at least one element which 1s
attached to the (second) ends 184, 194 of the first cable 144
and the second cable 146, respectively, and 1s actuated to
move (e.g., to retract) to adjust the tension of the first cable
144 and the second cable 146 respectively, to thereby,
maintain the first cable 144 and the second cable 146 1n the
taut condition (1.e. without any slack). It 1s to be noted that
the moveable element of the first and second tensioning
devices 140, 142 can also be actuated to extend to adjust the
tension of the first and second cables 144, 146 respectively
as may be required 1n some embodiments and/or applica-
tions. In the embodiment illustrated, the first tensioming
device 140 1s embodied as a hydraulic cylinder assembly
having a piston 202, rod 204 and a cylinder 206, as 1illus-
trated 1n FIG. 3 as well as, at least 1n part, in FIGS. 2 and 4-7.
The piston 202 can be disposed within the cylinder 206 and
can be actuated to move linearly within the cylinder 206.
The piston 202 can divide the cylinder 206 of the first
tensioning device 140 into a first fluid chamber 203 and a
second fluid chamber 205. The first cable 144 can be
attached to the rod 204, and the rod 204 can be fixedly
coupled to the movable piston 202 to move in unison
therewith to correspondingly adjust the tension of the first
cable 144. In particular, in the rod 204 can include a first end
and an opposing second end, wherein the first end of the rod
204 can be attached to the movable piston 202 within the
cylinder 206 and the first cable 144, and as illustrated, the
second end 184 thereof, can be attached to the second end
of the rod 204 which can extend outward from the cylinder
206. In the event that insutlicient tension and/or an increased
length (e.g., slack or looseness) 1s experienced by or present
in the first cable 144 as further discussed herein, the piston
202 and rod 204 can be configured or actuated to move or
retract within, and, at least 1n part, into, respectively, the
cylinder 206 at a degree and/or distance equivalent to that
required to maintain the adequate or required tension and/or
the increased length of the first cable 144 such that the
retraction of the rod 204 pulls the first cable 144 toward the
upper mounting structure 133 of the mast 118 and imparts
the adequate or required tension in the first cable 144. The
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pulling effect can be facilitated by a hydraulic system 208 of
the implement system 120 (operation and components of
which will be described 1n detail later 1n the present disclo-
sure).

In the exemplary embodiment shown in FIGS. 2-7, con-
sistent with the first tensioning device 140 as described
above, the second tensioning device 142 is also embodied as
a hydraulic cylinder assembly including a piston 202', rod
204" and a cylinder 206', wherein the piston 202' divides the
cylinder 206' of the second tensioning device 142 into a {irst
fluid chamber 203' and a second fluid chamber 205', and a
first end of the rod 204' 1s fixedly coupled to the movable
piston 202' to move 1n unison therewith. As such, given that
the elements, components, functionality, and operation of
the second tensioning device 142 1s equivalent to that of the
first tensioning device 140 as described above, the descrlp-
tion of the first tensioning device 140 applies 1n an equiva-
lent manner to that of the second tensioning device 142,
namely, and correspondingly, that the second end 194 of the
second cable 146 1s attached to the second end of the rod
204" which can extend outward from the cylinder 206', and
that actuation of the piston 202' and rod 204' to move or
retract within the cylinder 206' pulls the second cable 146
toward the lower mounting structure 135 of the mast 118 to
impart the adequate or required tension 1n the second cable
146. It 1s to be understood that the first tensioning device 140
and the second tensioning device 142 are shown as hydraulic
cylinder assemblies to provide one non-limiting example of
tensioning devices which can be utilized for the present
disclosure. As such, 1t 1s further to be understood that one or
more of the first and second tensioning devices 140, 142 can
be any suitable device capable of being actuated to adjust the
tension of the first cable 144 and the second cable 146
respectively, without departing from the spirit and scope of
the present disclosure. In particular, an alternate embodi-
ments, one or more of the first and second tensioning devices
140, 142 can include additional and/or alternative elements,
components, configurations, and/or means of actuation, and
various combinations thereof. For example, an alternate
embodiments, one or more the first and second tensioning
devices 140, 142 can be eclectrically actuated tensioning
devices, clectromechanically actuated tensioning devices,
pneumatically actuated tensioming devices, or mechanically
actuated tensioning devices, which may utilize solenoids,
springs, motors, and/or any other suitable components.

As discussed above, the implement system 120 includes
the cable feed system 148 as well as the hydraulic system
208 which 1s functionally integrated and configured to
actuate, 1n part, the cable feed system 148 as well as the first
and second tensioning devices 140, 142. The hydraulic
system 208 includes a tank 210, a first pump 222, and a
second pump 224, as well as the additional components, as
disclosed herein.

Each of the first and second pumps 222, 224 can be
operatively and mechanically coupled to the power source
110 (e.g., the engine) of the machine 100 such that the each
of the first and second pumps 222, 224 1s driven by the
power source 110. The first pump 222 and second pump 224
can also be electronically and controllably connected to the
controller 232, such that the operation and actuation of each
of the first and second pumps 222, 224 can be controlled 1n
response to one or more signals generated by the controller
232 and electronmically transmitted to, and received by, the
first and second pumps 222, 224, as further discussed herein.
The first pump 222 and the second pump 224 can be
functionally and fluidly integrated within the hydraulic
system 208 to direct and/or supply a tlow of hydraulic fluid,
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and 1n one or more embodiments, a pressurized flow of
hydraulic fluid, through hydraulic system 208 to actuate the
first and second tensioning devices 140, 142 and the cable
feed system 148, respectively. A rotational speed of the first
and second pump 222, 224 may define or control a flow rate
of the hydraulic fluid delivered or output by each of the first
and second pump 222, 224, and a displacement of the first
and second pump 222, 224 may define or control a pressure
of the hydraulic fluid delivered or output thereby. The
hydraulic system 208 as 1llustrated 1n FIGS. 3-5 provides an
exemplary, illustrative, and non-limiting depiction of one
possible configuration of the fluid connections between the
first and second pump 222, 224 and the first and second
tensioning devices 140, 142 and the cable feed system 148,
respectively. As such, i1t should be understood that additional
and/or alternative configurations of the hydraulic system 208
are contemplated and are included as falling within the spirit
and scope of the present disclosure. e.g., each of the first
pump 222 and the second pump 224 can be separately and
independently connected to draw hydraulic fluid from the
tank 210, and the fluid connection of the second pump 224
to actuate the cable feed system 148, including, 1n part, the
hydraulic feed cylinder 160 thereof, can be separate and
independent from that of the first pump 222 and the first and
second tensioning devices 140, 142.

The first pump 222 can be fluidly disposed within a first
conduit 212 and positioned 1n fluid communication between
the tank 210 to draw hydraulic fluid therefrom and supply a
flow of pressurized hydraulic flmid to the first and second
tensioning devices 140, 142, and, 1n particular, to supply a
flow of pressurized hydraulic fluid to actuate and pressurize,
and 1n one embodiment, to selectively actuate and pressur-
1ze, one or more of the second fluid chamber 205 of the first
tensioning device 140 and the second fluid chamber 205" of
the second tensioning device 142. In one or more embodi-
ments, mcluding that as illustrated in FIGS. 3-35, the first
pump 222 can be embodied as a unidirectional, variable
displacement hydraulic pump, such as an axial piston pump.
In other embodiments, the first pump 222 can alternatively
be embodied as a radial piston pump, a vane pump, a gear
pump, a gerotor pump, or any other hydraulic pump or
similar component capable of supplying a flow of pressur-
1zed hydraulic fluid capable of actuating the first and second
tensioning devices 140, 142 1n a manner consistent with the
present disclosure.

The first pump 222 can be connected 1n fluid communi-
cation to fluidly direct and supply hydraulic fluid to the
second fluid chamber 205 of the first tensioming device 140
via a second conduit 213aq which extends in fluid commu-
nication between an end of the first conduit 212 downstream
of the first pump 222 and the second fluid chamber 205 of
the first tensioning device 140 to fluidly communicate and
direct pressurized hydraulic flmd from the first pump 222
into the second fluid chamber 205 of the first tensioning
device 140. Additionally, a third conduit 2135 extends 1n
fluid communication between the end of the first conduit 212
downstream of the first pump 222 and the second fluid
chamber 205' of the second tensioning device 142 to fluidly
communicate and direct pressurized hydraulic fluid from the
first pump 222 into the second fluid chamber 205" of the
second tensioming device 142. In one embodiment, one or
more valves 226 can be connected in fluid communication
with and flmdly disposed between the end of the first conduit
212 downstream of the first pump 222, the second conduit
2134, and the third conduit 2135. The one or more valves
226 can be any suitable, known hydraulic control device,
devices, or any combination or configuration thereof capable
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of being actuated to selectively and controllably direct the
flow and fluid communication of actuating hydraulic fluid
from the first pump 222 to any one or more of the second
fluid chamber 205 of the first tensioning device 140 and the
second fluid chamber 205' of the second tensioning device
142. The one or more valves 226 can be connected 1n
clectronically controllable communication with the control-
ler 232 and can be actuated to any one or more positions to
selectively and controllably direct the flow and fluid com-
munication of actuating hydraulic flmd from the first pump
222 1nto the second fluid chamber 203 of the first tensioning
device 140 while blocking the tlow of hydraulic fluid from
being communicated into the second fluid chamber 205" of
the second tensioning device 142, into the second fluid
chamber 2035' of the second tensioning device 142 while
blocking the flow of hydraulic fluid from being communi-
cated 1nto the second fluid chamber 205 of the first tension-
ing device 140, and 1nto both of the second fluid chambers
205, 205" of the first and second tensioning devices 140, 142,
in response to and consistent with command signals gener-
ated by and recerved from the controller 232, as further
discussed herein. In an additional embodiment, the one or
more positions to which the one or more valves 226 can be
actuated by the controller 232 can additionally 1nclude a
position which can block the flow of hydraulic fluid from
being communicated 1nto both of the second fluid chambers
205, 205’ of the first and second tensioning devices 140, 142.
A pressure relief valve 220a may also be included and
fluidly disposed within the first conduit 212 (downstream of
the first pump 222) and configured to control or limit the
pressure of the hydraulic fluid being transmitted to the
second fluid chambers 205, 205' of the first and second
tensioning devices 140, 142, respectively.

The hydraulic system 208 can also include a fourth
conduit 214a connected 1n fluid communication with the
first fluid chamber 203 of the first tensioning device 140 and
a fifth conduit 2145 connected 1n fluid communication with
the first fluid chamber 203" of the second tensioning device
142. The fourth and fifth conduits 214a, 2146 can be
connected to recerve and fluidly communicate the hydraulic
fluid directed out of the first fluid chambers 203, 203' of the
first and second tensioning devices 140, 142 via the move-
ment of the respective pistons 202, 202' to the tank 210,
which, in the embodiment shown 1n FIGS. 3-5 can be via a
sixth conduit 216. In addition, in the exemplary embodiment
shown 1n FIGS. 3-5, the ends of the fourth and fifth conduaits
214a, 2145 opposite those connected to the first fluid cham-
bers 203, 203' can be connected 1n fluild communication to
allow tlow sharing between, and fluidly connect the first
fluid chamber 203 of the first tensioning device 140 1n fluid
communication with the first fluid chamber 203' of the
second tensioning device 142. Furthermore, in the exem-
plary embodiment shown 1n FIGS. 3-5, the sixth conduit 216
can extend between and connect the ends of the fourth and
fifth conduits 214a, 2145 opposite those connected to the
first fluid chambers 203, 203' 1n fluid communication with
the tank 210, and can include one or more valves 217 which
can be any suitable, known hydraulic control device,
devices, or any combination or configuration thereof capable
of being actuated to open and permit the fluid communica-
tion of the hydraulic fluid from within the fourth and fifth
conduits 214a, 2146 to the tank 210 upon, e.g., the fluid
exceeding a reliel or pressure setting of the one or more
valves 217 while maintaiming a predefined, minimum pres-
sure of hydraulic fluid within the first fluid chambers 203,
203', and further capable of opening or otherwise providing
or allowing a regenerative flow of hydraulic fluid from
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within the tank 210 to be tfluidly directed into one or more
of the first fluid chambers 203, 203' from the tank 210.

As provided above, the second pump 224 can be fluidly
connected to selectively supply a flow of pressurized
hydraulic fluid to the upper chamber 170 or the lower
chamber 172 of the hydraulic feed cylinder 160 to actuate
the hydraulic feed cylinder 160 to thereby actuate the cable
feed system 148 to control the positioning and movement of
the drilling device 138, as discussed herein. In one or more
embodiments, including that as illustrated in FIGS. 3-3, the
second pump 224 can be embodied as a bidirectional,
variable displacement hydraulic pump, such as an axial
piston pump. In the exemplary embodiment shown 1n FIGS.
3-5, the second pump 224 can be fluidly connected between
and positioned in fluid communication with the upper cham-
ber 170 and the lower chamber 172 of the hydraulic feed
cylinder 160 via a seventh conduit 227q and an eighth
conduit 2275h, respectively. The seventh conduit 227a and
cighth conduit 22756 can be connected to fluidly communi-
cate the flow of hydraulic fluid between the upper chamber
170 of the hydraulic feed cylinder 160 and the second pump
224, and the lower chamber 172 of the hydraulic feed
cylinder 160 and the second pump 224, respectively. An end
of the seventh conduit 227a and an end of the eighth conduit
2277b opposite of that fluidly connected to the upper chamber
170 of the hydraulic feed cylinder 160 and lower chamber
172 of the hydraulic feed cylinder 160, respectively, can be
connected 1n fluid communication with a ninth conduit 228
which 1s connected 1n fluid communication with the first
conduit 212 downstream of the first pump 222 and upstream
of the second and third conduits 213a, 2135, as well as the
valves 2208 and 226. As such, in the exemplary embodiment
shown 1n FIGS. 3-5, the first pump 222, via the first conduit
212 and the ninth conduit 228, can supply pressurized
hydraulic fluid from the tank 210 to the seventh conduit
227a, the eighth conduit 2275, as well as the second pump
224, and thus, 1n relation to the latter, can act as a charge
pump. A first check valve 218 can be fluidly disposed within
the seventh condut 2274 and a second check valve 219 can
be fluidly disposed within the eighth conduit 2275 in
between the second pump 224 and the ninth conduit 228.
Finally, a tenth conduit 229 can be connected in fluid
communication with and fluidly connect the ninth conduit
228 with the tank 210. The tenth conduit 229 can include a
pressure relief valve 2205 fluidly positioned therein, and can
be configured to act as a charge relief conduit.

As shown 1n FIGS. 2-7, the implement system 120 can
also include a cable monitoring system 121, which can
include, utilize, and/or functionally interact with one or
more elements, components, and/or systems of the imple-
ment system 120 as well as the machine 100, including, in
part, the controller 232. The implement system 120, and the
cable monitoring system 121 thereolf, further includes one or
more sensors 230 (which includes sensors 230a, 23056, 238a,
and 238b as discussed herein) positioned to sensingly
engage the first and second cables 144, 146 as well as the
first and second tensioning devices 140, 142 associated
therewith, to detect signals, readings, and/or measurements
indicative of the condition, operation, and physical and
positional conditions, characteristics, and/or states of each of
the first and second cables 144, 146 (and the first and second
tensioning devices 140, 142), as well as forces experienced
by each of the first and second cables 144, 146 (and the first
and second tensioning devices 140, 142) during the opera-
tion thereof. The one or more sensors 230 are additionally
connected 1n electronic communication with the controller
232 to electronically transmit the foregoing sensed signals,
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readings, and/or measurements of each of the first and
second cables 144, 146 (as well as the first and second
tensioning devices 140, 142 associated therewith) to the
controller 232 for processing as further discussed herein.
The one or more sensors 230 can include a first sensor 230a
and a second sensor 2306 coupled to sensingly engage the
first cable 144 and the second cable 146, respectively, and
detect one or more signals, readings, and/or measurements
indicative of one or more parameters associated with the first
cable 144 and the second cable 146, which can include, in
part, the tension, length, position, tensile force, and strain, as
well as changes associated with any one or more of the
foregoing parameters, associated with or experienced by
cach of the first cable 144 and the second cable 146 during
and throughout the use and operation thereol according to
the embodiments, as disclosed herein. In the exemplary
embodiment 1illustrated in FIGS. 2-7, the first sensor 230a
and the second sensor 2305 can be positioned on the first
tensioning device 140 and the second tensioning device 142
respectively, such that the first sensor 230a and the second
sensor 2300 sensingly engage the first cable 144 and the
second cable 146 via the first tensioning device 140 and the
second tensioning device 142 respectively, such as, e.g., via
a transductive or other suitable sensing element in sensing
contact or engagement with the respective first cable 144
and second cable 146 via the respective rod 204, 204
connected thereto. The first and second sensors 230q. 2305,
can be embodied as and/or include a potentiometer, a laser
based length detection sensor, an ultrasonic sensor, an ultra-
sonic based distance detection sensor, a load indicator, as
well as combinations thereof. The one or more sensors 230
can also include at least one first pressure sensor 238a and
at least one second pressure sensor 238b disposed on,
within, proximate to, or otherwise positioned and configured
to sensingly engage and detect or sense a pressure of the
hydraulic fluiud within one or more of the second fluid
chamber 205 and the first fluid chamber 203 of the cylinder
206 of the first tensioning device 140 and the hydraulic fluid
within one or more of the second fluid chamber 205" and the
first fluid chamber 203" of the cylinder 206' of the second
tensioning device 142, respectively. Referring to FIGS. 2-7,
the implement system 120, and the cable monitoring system
121 thereof, further includes a controller 232. The controller
232 can be embodied as a machine control unit, a master
electronic control unit, or a master controller of the machine
100 and can include one or more electronic control units as
well as one or more electronic control modules which can
include, 1n part, one or more processors, memory, one or
more secondary storage devices, power supply circuitry,
signal-conditioming circuitry, solenoid driver circuitry, and
other appropriate circuitry, programming and/or control
logic. The controller 232 1s 1llustrated and discussed herein
as a single controller or a control unit as shown in FIGS. 2-7
(and as further illustrated in FIG. 8) for the purposes of
providing a clear, illustrative, exemplary disclosure without
introducing undue complexity: notwithstanding, and as
such, 1t should be understood that the controller 232 can be
embodied as and include multiple controllers and/or control
modules, such as, for instance, one or more master control-
lers/control modules and one or more local controllers/
control modules, connected 1n electronic communication
and configured to exchange, receive, transmit, monitor,
generate, and/or process a plurality of sensed signals, infor-
mation, and/or commands to monitor, regulate, and/or eflec-
tuate control and operation of the machine 100 as well as the
implement system 120 and the cable monitoring system 121
thereot, as provided above and further discussed herein.
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The controller 232 1s electronically connected (via wire-
less, or alternatively, wired, electronic connections, shown
via dashed lines in FIGS. 2-8) to the components of the
machine 100, as well as components of the implement
system 120 and the cable monitoring system 121 thereof
according to any one or more ol the embodiments disclosed
herein and 1s configured, in part, to momnitor, receive, and
process one or more signals, mputs, commands, and any
other data according to the embodiments as discussed herein
to monitor, analyze, predict, and determine a condition or
state of operability as well as a remaining useful life of each
of the first and second cables 144, 146 according to any of
the embodiments disclosed herein.

In particular, as illustrated 1n FIGS. 2-7, the controller 232
includes a memory 234, and can further include a commu-
nication device 236. In an alternative embodiment wherein
the communication device 236 may be external to the
controller 232, the controller 232 can be connected 1n
clectronic communication with the communication device
236. The controller 232 1s additionally connected 1n elec-
tronic communication with to the one or more sensors 230,
including the first sensor 230a, and the second sensor 2305,
the first pressure sensor 238a and the second pressure sensor
238b (which can be via the communication device 236), to
monitor and/or receirve the one or more signals, readings,
and/or measurements detected by each of the foregoing
sensors. The controller 232 can further be connected, 1n part,
in electronic communication with the operational control
system 126 as well as the control devices 127 and display
unit 106 of the machine 100, and can be connected 1n
clectronic controllable communication with the first tension-
ing device 140, the second tensioning device 142, the first
pump 222, the second pump 224, the pressure relietf valves
220a and 220b6. In particular, in addition to the cable
monitoring system 121, the controller 232 can be connected
in electronic communication to receirve one or more signals
from the operational control system 126 and the control
devices 127 thereot (as well as the cable monitoring system
121, as further disclosed herein) indicative of and/or corre-
sponding to a desired, 1input, stored, processed, programmed
and/or required operation of the machine 100, and 1n
response, can generate and electronically transmit one or
more signals to actuate and control the appropriate compo-
nents and/or systems of the machine 100, including, in part,
those of the implement system 120, in a manner correspond-
ing to and consistent with the desired, mput, stored, pro-
cessed, programmed and/or required operation of the
machine 100, according to any of the embodiments, as
disclosed herein. The controller 232 can be configured to
reference and execute one or more algorithms and/or
instructions, which can define or control the operation of the
controller 232, including but not limited to the reception,
referencing, monitoring, and/or processing of data, signals,
and inputs by the controller 232 to monitor, control, and
cllectuate the operation of the machine 100 as well as the
components and systems thereof, as disclosed herein. As
discussed, 1n part, above, the controller 232 can include any
one or more ol a processor, a mICroprocessor, a microcon-
troller, or any other suitable means for executing any of the
one or more algorithms, as well as any included or additional
instructions and/or associated computations.

The one or more algorithms, any included or additional
instructions, as well as stored and/or input data which can be
used by the controller 232 can be retrievably stored within
the memory 234. The memory 234 can be provided on-board
or resident within the controller 232 as shown, 1n part, 1n the
exemplary embodiment of FIGS. 2-7, or, alternatively, all, or
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a part of the memory 234 can be external to, but electroni-
cally connected to and accessibly by, the controller 232. The
memory 234 can include non-transitory computer-readable
medium or memory, such as a disc drive, flash drive, optical
memory, read-only memory (ROM), or the like.

In one or more embodiments, the controller 232 can
include suitable logic, circuitry, and/or interfaces that are
operable to execute one or more instructions stored in the
memory 234 to perform predetermined operation. The con-
troller 232 can be implemented using any of one or more
suitable processor technologies. Non-limiting examples of
the controller 232 include, but are not limited to, an X86
processor, a Reduced Instruction Set Computing (RISC)
processor, an Application Specific Integrated Circuit (ASIC)
processor, a Complex Instruction Set Computing (CISC)
processor, an Advanced RISC Machine (ARM) processor or
any other processor. The operation of the controller 232 will
be described 1n more detail below.

As discussed above, the controller 232 can include a
communication device 236 which can be connected 1n
clectronic communication with the controller 232 as well as
the components and systems of the machine 100. The
communication device 236 can be any suitable device
operable to receive and transmit signals, readings, com-
mands, data and/or information electronically sensed, gen-
erated, and/or stored and communicated to the communica-
tion device 236 by and between two or more modules,
devices, and/or components electronically and communica-
tively connected to the communication device 236. As such,
via the communication device 236, controller 232 can be
clectronically and communicatively connected to monaitor,
transmit and/or receive one or more signals, readings, com-
mands, and data to and/or from the components and systems
of the machine 100, including but not limited to those of the
implement system 120 and the cable monitoring system 121
as discussed herein. The communication device 236 can also
be provided on-board, resident within, and/or as a module of
the controller 232 as shown, i part, 1n the exemplary
embodiment of FIGS. 2 and 3. Alternatively, the communi-
cation device 236 can be provided external to and/or as a
module or device separate from, but electronically and
communicatively connected to, the controller 232. The
communication device 236 can be a transceiver (1.¢. a device
comprising both a transmitter and a receiver that are com-
bined and share common circuitry or a single housing. When
no circuitry 1s common between transmit and receive func-
tions, the device 1s a transmitter-recerver). The transceiver
can utilize one or more suitable communication protocols to
transmit and receive data from the components and one or
more computing devices. Examples of such communication

protocols can include, but are not limited to, Transport
Control Protocol/Internet Protocol (TCP/IP), 3G, 4G, 2G.

Bluetooth, Zigbee, 12C, and/or the like.

The operation of the implement system 120 as well as the
cable monitoring system 121, will be explained 1n conjunc-
tion with FIG. 3-FIG. 5. FIG. 3 illustrates what 1s defined as
an 1itial position of the drilling device 138 1s as shown 1n
FIG. 3 as an illustrative, non-limiting, exemplary itial
context of operation solely for the purposes of providing a
discussion of the present disclosure. In order to imtiate and
execute the drilling operation, the machine 100 and imple-
ment system 120 can be engaged to operate 1n a working,
mode/drilling mode (which can be effectuated, 1n part, by the
controller 232) which includes the drilling device 138 being
lowered towards and engaging the work surface 104. The
machine 100 can be actuated and engaged to operate 1n and
according to the working mode/drilling mode according to
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any of the embodiments, as disclosed herein. In one embodi-
ment, an operator present 1n the operator station 116 can
actuate the corresponding and/or designated one or more of
the one or more control devices 127 of the operational
control system 126 configured to initiate and engage the
machine 100 and implement system 120 to operate in the
working mode/drilling mode, which can responsively trans-
mit one or more working mode/drilling mode command
signals to the controller 232 connected in electronic com-
munication therewith, which can be via the communication
device 236. In an alternative embodiment wherein the
machine 100 1s a remotely operated, a semi-autonomous, or
an autonomous machine 100, the one or more working
mode/drilling mode command signals can be electronically
transmitted to the controller 232, which can be via the
communication device 236, from a remote operator’s sta-
tion, from a remote master controller, or can be generated via
processing of control and/or processing algorithms stored in
the memory 234 of the controller 232. The controller 232
can process the one or more working mode/drilling mode
command signals, and responsively generate and electroni-
cally transmit one or more working mode/drilling mode
actuation command signals to the components and systems
of the machine 100, including but not limited to those of the
implement system 120 such that the components and sys-
tems of the machine 100 are actuated and engaged to operate
in the working mode/drilling mode. In particular, 1n addition
to, and at any time during or contemporaneous with the
engagement of the machine 100 to operate 1n the working
mode/drilling mode, the controller 232 can receive a work-
ing mode/drilling mode lowering or drilling command sig-
nal (according to any of the embodiments as described
above, mcluding, in one example from the one or more
control devices 127) to mitiate the lowering of the drilling
device 138 towards the work surface 104. In response to the
receiving and processing of the working mode/drilling mode
lowering or drilling command signal, the controller 232 can
generate and electronically transmit an drilling or lowering
actuation command signal to the second pump 224 (and,
additionally, a corresponding actuation command signal to
the power source 110 which can not only be connected in
clectronic controllable communication with the controller
232 but also can be drivingly connected to the second pump
224 via. e.g., a shalt, a belt, or any other suitable mechanical
connection) such that the second pump 224 1s actuated to
supply pressurized flud from the tank 210 to the upper
chamber 170 of the hydraulic feed cylinder 160, which
fluidly engages the common piston 168 such that the cyl-
inder body 162 of the hydraulic feed cylinder 160 is fluidly
actuated to advance upward or otherwise toward the upper
mounting structure 133 and/or the top end 132 of the mast
118 1n linear translational movement along the first piston
rod 164 and resultantly urge or extend at least a portion of
the second piston rod 166 out of the cylinder body 162
relative to the first piston rod 164, as 1llustrated 1n FIG. 4. As
discussed above, on account of the fixed attachment of the
first and second sheaves 178, 180 to the cylinder body 162
of the hydraulic feed cylinder 160 at or adjacent to the top
and bottom feed cylinder ends 174, 176 thereol, respec-
tively, the upward movement or advancement of the cylinder
body 162 of the hydraulic feed cylinder 160 results in a
cooperative, corresponding, and common linear movement
or advancement of the first and second sheaves 178, 180 1n
unison with the cylinder body 162. As such, such upward
movement or advancement results the linear movement or
advancement of the first sheave 178 or pulley toward the
upper mounting structure 133 and the second sheave 180 or
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pulley upward toward the upper mounting structure 133 and
away from the lower mounting structure 135. Furthermore,
due to the pivotal and/or rotational coupling or engagement
between the first and second sheaves 178, 180 and the
opposing first and second cables 144, 146, respectively, as
well as the opposing connections of the first and second
cables 144, 146 to, and between, the first and second
tensioning devices 140, 142, the first and second pulleys
190, 200, respectively, as well as the drilling device 138 and
the mutually opposing forces associated therewith as dis-
cussed herein, the linear movement or advancement of the
first sheave 178 or pulley toward the upper mounting
structure 133 and the second sheave 180 or pulley toward the
upper mounting structure 133 and away from the lower
mounting structure 135 actuates a lowering or advancement
of the drilling device 138 toward the lower mounting
structure 135 such that the drill head 152 1s advanced toward
the work surface 104.

In a stmilar manner, while the machine 100 1s engaged to
operate 1n the working mode/drilling mode, the controller
232 can generate or receive a working mode/drilling mode
retraction or pullback command signal (according to any of
the embodiments discussed above, e.g., 1n response to and
from the corresponding one or more control devices 127)
when a pullback or retraction force 1s necessary or desired
to advance the drilling device 138 toward the upper mount-
ing structure 133 as well as a corresponding advancement
and/or retraction of the drill head 152 upward and partially
or completely out of or away from the work surface 104
and/or otherwise toward the upper mounting structure 133.
In response to the receiving and processing of the working
mode/drilling mode retraction or pullback command signal,
the controller 232 can generate and electronically transmit a
retraction or pullback actuation command signal to the
second pump 224 (and, additionally, a corresponding actua-
tion command signal to the power source 110, consistent
with the foregoing discussion) such that the second pump
224 15 actuated to supply pressurized tluid from the tank 210
to the lower chamber 172 of the cylinder body 162 to fluidly
engage the common piston 168 such that the cylinder body
162 of the hydraulic feed cylinder 160 1s fluidly actuated to
advance downward or otherwise toward the lower mounting
structure 135 and/or the bottom end 134 of the mast 118 1n
linear translational movement along the second piston rod
166 and resultantly urge or extend at least a portion of the
first piston rod 164 out of the cylinder body 162 relative to
the second piston rod 166, as illustrated in FIG. 5. As a
result, and 1 a similar and equivalent, but opposite manner
with respect to the foregoing discussion, the cooperative,
corresponding, and common linear movement or advance-
ment of the cylinder body 162 of the hydraulic feed cylinder
160 as well as the second sheave 180 or pulley toward the
lower mounting structure 135 and the first sheave 178 or
pulley toward the lower mounting structure 135 and away
from the upper mounting structure 133 actuates a raising or
upward advancement of the drilling device 138 toward the
upper mounting structure 133 such that the drill head 152 1s
advanced or retracted upward and partially out of, com-
pletely out of, or otherwise away from the work surface 104,
as 1illustrated i FIG. 5.

As discussed above, during the operation of the imple-
ment system 120, including, in part, during the working
mode/drilling mode thereof, the first cable 144 and the
second cable 146 are continuously subjected to tension and
are maintained 1n the taut and firmly tensioned condition via
the first tensioning device 140 and the second tensionming
device 142, respectively, such that the first and second cables
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144, 146 maintain a firm, secure, and mutually opposing,
tensioned attachment to the drill head 152 therebetween to
thus maintain a firm and secure, tensioned positioning and
linear movement of the drill head 152 between the upper and
lower mounting structures 133, 135 and/or the top and
bottom ends 132, 134 of the mast 118, respectively, along,
and aligned with the longitudinal axis 136 thereof and
prevent any lateral, rotational, and/or angular movement of
the drilling device 138 and the elements thereof. However,
the forces associated with the operation of the implement
system 120, including, in part, those associated with the
positioning, movement, and operation of the drilling device
138 may result in the first cable 144 and/or the second cable
146 experiencing wear over a period of time. Such forces to
which the first and second cables 144, 146 are exposed, and
the wear that can result therefrom, may cause one or more
of the first and second cables 144, 146 to stretch beyond a
predetermined limit, and sustained exposure to such forces
may lead to failure (e.g., breakage or snapping) of one or
more of the first and second cables 144, 146 1f not serviced
or repaired. Failure, or extensive wear or stretching such as
to the point of moperability, of one or more of the first and
second cables 144, 146 may lead to loss of productivity due
to machine downtime and, 1n some instances, may cause
damage to other components of the machine 100, including,
in part, the implement system 120.

The implement system 120, and the cable monitoring
system 121 thereof, by monitoring, in part, the first and
second cables 144, 146, according to any of the embodi-
ments of the present disclosure, 1s configured and operable
to detect and prevent such instances ol extensive wear
and/or failure from occurring, as discussed above and further
disclosed herein. In particular, the controller 232 can process
the one or more monitored or recerved signals indicative of
the condition, operation, and physical and positional condi-
tions, characteristics, and/or states of each of the first and
second cables 144, 146, as well as forces experienced by
cach of the first and second cables 144, 146 (1n addition to,
in one or more embodiments, the first and second tensioning
devices 140, 142 as an indication thereotf) during the opera-
tion, and can responsively determine, 1n part, whether one or
more ol the first and second cables 144, 146 1s 1n an
acceptable operating condition, or whether one or more of
the first and second cables 144, 146 1s 1n an unacceptable
operating condition, €.g., 1s 1n a condition near or unaccept-
ably close to failure, or extensive wear or stretching such as
to the point of mnoperability, according to any of the embodi-
ments, as disclosed herein. In one or more embodiments as
turther discussed below, the controller 232 can be configured
to monitor (and may further store, in the memory 234
thereol) the first cable length ‘L1 of the first cable 144 and
second cable length ‘L.2° of the second cable 146, as well as
incremental changes 1n the first cable length ‘L1 of the first
cable 144 and second cable length ‘.2 of the second cable
146, during the operation of the implement system 120,
including, in part, during the working mode/drilling mode
thereof. The controller 232 then compares each incremental
change 1n the first cable length ‘L1 of the first cable 144 and
second cable length ‘L.2” of the second cable 146 a threshold
value. If the incremental change in the first cable length ‘LL1°
of the first cable 144 and/or that of the second cable length
‘L2 of the second cable 146 exceeds the threshold value
(which can be representative of at and/or approaching an
unacceptable operating condition), the controller 232
responsively takes one or more actions configured to guard
against and/or prevent any further use of one or more of the
first and second cables 144, 146 which may lead to failure
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and/or may lead to loss of productivity due to machine
downtime, mncluding but not limited to generating a warning
signal and/or actuating the components of the implement
system 120 to operate 1n a “safe mode”, as further disclosed
herein.

The following will provide an additional, further disclo-
sure of the Tunctionalities, capabilities, implementation, and
operability of implement system 120 and the cable moni-
toring system 121, and the included and/or associated com-
ponents thereol, including, 1n part, the sensors 230 and the
controller 232, to momitor, process, and determine, in part,
the performance, operating condition, and/or remaining use-
ful life of the first and second cables 144, 146, as well as the
additional responsive actions to facilitate the provision of
notification of such as well as further included and/or
additional actions to guard against and/or prevent any dam-
age, Tailure, and/or any other condition which may compro-
mise the acceptable use, operation, and condition of the first
and second cables 144, 146, as well as the machine 100 and
systems thereol, including, in part, the implement system
120 according to the various embodiments, as disclosed
herein. Disclosure of the various embodiments, as disclosed
herein, are provided as applied to and with reference to the
first cable 144 as shown 1n FIGS. 2-7, including, in part, with
reference to the first cable 144 as shown 1n the exemplary
position 1illustrated i FIG. 6 as well as the subsequent
exemplary position shown i FIG. 7, as further discussed
herein for the purposes of providing a clear, illustrative,
exemplary disclosure without introducing undue prolixity.
However, 1t should be understood that the following disclo-
sure of the operability of the cable monitoring system 121
with reference to the first cable 144 1s meant to apply 1n a
corresponding, and equivalent manner to the monitoring of
the second cable 146. Furthermore, the disclosure of the
operability of the cable monitoring system 121 can further
apply 1n a corresponding, and equivalent manner to posi-
tions of the implement system 120 which differ from those
shown 1n FIGS. 6 and 7.

FI1G. 6 1llustrates the first cable 144 operably installed for
use 1n the implement system 120 (as disclosed above and
turther disclosed herein) in the taut, tensioned condition.
Furthermore, FIG. 6 1illustrates the first cable 144 1in a
condition which 1s defined as a new or newly installed
condition or otherwise 1n a condition corresponding to or
defined as that under which neither of the first cable 144 or
the second cable 146 have experienced stress, loads, or other
conditions which result 1n stretching and/or wear. As such,
in the example shown 1n FIG. 6, the first cable 144 further
includes and extends along a first cable length ‘I.1” which 1s
defined as and corresponds to the length of the first cable 144
(extendmg from the first end 182 to the second end 184
thereol) 1 a newly installed or otherwise un-worn, un-
damaged, and un-stretched condition. In addition, FIG. 6
illustrates the newly installed or otherwise un-worn, un-
damaged, and un-stretched first cable 144 and corresponding
first cable length ‘L1’ thereof operably installed for use 1n
the implement system 120 and maintained under tension via
(in part) the piston 202 of the first tensioning device 140
with the piston 202 at position ‘P1°, which may be defined
as a non-limiting, exemplary first or 1nitial position.

While the machine 100 and the implement system 120 are
positioned and actuated to operate in any one or more of
various positions and/or modes of operation, the first cable
144 (as well as the second cable 146) can be subjected to and
experience a variety of forces, loads, stresses, or other
conditions which may result 1n the first cable 144 (as well as
the second cable 146) experiencing any one or more of
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stretching and/or wear. In addition to further uses, condi-
tions, and/or modes of operation, as well as additional forces
associated therewith, while positioned and engaged to oper-
ate 1n the working/drilling mode of operation as shown 1n
FIG. 6 (and FIG. 7), the first cable 144 experiences and 1s
subjected to the forces associated with and exerted thereon
by the tension forces exerted on the first cable 144 via the
first tensioning device 140, 1n addition to the mutual, oppos-
ing tension forces transferred to the first cable 144 by the
second tensioning device 142 via the second cable 146. The
first cable 144 can further experience and be subjected to
forces exerted thereon via the first cable’s 144 attachment to
the drilling device 138 to support and maintain the position
of the dnilling device 138 (and the associated weight
thereol), as well as forces associated with the actuation of
the machine 100 1n the working/drilling mode of operation,
including in part, forces required to actuate the movement of
the drilling device 138 and resulting from and generated by
the engagement between the drill bit 154 and/or dnll pipe
150 and the work surface 104. (It 1s to be noted that the
second cable 146 experience forces which are substantially
equivalent to those as described above with respect to the
first cable 144). As a result of any one or more and/or any
combination of the forces, including, 1 part, tensional
forces, to which the first cable 144 can be subjected during
use, including but not limited to those described above, the
first cable 144 can experience an incremental change, and
more particularly, an incremental increase ‘AL1" i first
cable length ‘LL1°. The amount or degree of the incremental
increase ‘AL1’° 1n the first cable length ‘I.1° can depend on
and/or can be defined as a result or function of one or more
of the magnitude, type, and/or duration of the forces and
tension to which the first cable 144 1s subjected, as well as
variables associated with the material composition of the
first cable 144, including, 1n part, the Young’s modulus, and
modulus of elasticity associated therewith, etc. Upon the
first cable 144 experiencing wear and/or fatigue as described
above which results 1n at least some degree of stretching
such that the length of the first cable 144 deviates to elongate
or stretch and experience any degree of incremental increase
‘AL1’ beyond the first cable length ‘LL1°, (or, 1n certain
embodiments, any additional, subsequent incremental
increases ‘AL1,°, ‘AL1;” . .. ‘AL1°, as further discussed

f 7 B

herein) the elongation or stretchmg can be detected by the
cable monitoring system 121, including but not limited to
the one or more sensors 230 thereot, according to any of the
embodiments as discussed below.

In particular, the stretching of the first cable 144 beyond
the first cable length ‘L1’ can result in a corresponding
degree of lack of tautness or reduction in tension force
experienced by and within the attachment between the
second end 184 of the first cable 144 and the end of the rod
204 opposite the piston 202 of the first tensioning device
140, which can be sensed and/or detected by the first sensor
230a 1n sensing engagement therewith. e.g., via a transduc-
tive or other suitable sensing element of the first sensor 230a
1in sensing contact or engagement with the first cable 144 via
the rod 204. Additionally, such stretching of the first cable
144 beyond the first cable length ‘LL1° can result 1 a
corresponding reduction in pressure of the hydraulic fluid
within the second fluid chamber 205 of the first tensioning
device 140, which can be sensed and/or detected by the first
pressure sensor 238a. One or more of the signal indicative
of the reduction 1n tension force between the second end 184
of the first cable 144 and the end of the rod 204 and the
reduction in pressure of the hydraulic fluid within the second
fluid chamber 205 sensed and/or detected by the first sensor
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230a and the first pressure sensor 238a, respectively, can be
clectronically monitored and received by the controller 232
connected 1n electronic communication with the first sensor
230a and the first pressure sensor 238a (e.g., via the com-
munication device 236). The controller 232 can responsively
process the signal sensed and/or detected by the first sensor
230a, or alternatively, the signal sensed and/or detected by
the first pressure sensor 2384, or in yet another alternative,
can process both signals from the first sensor 230q and the
first pressure sensor 238a, and based upon such processing,
can generate and electronically transmit one or more actua-
tion command signals to actuate the components of the
implement system 120 to engage (or re-engage) the first
cable 144 1n the taut or tensioned condition.

In one embodiment, the controller 232, utilizing internal
programming, processing, and/or control logic, and the like,
can apply, reference, or otherwise utilize and process the
signal indicative of the degree of reduction 1n tension force
as detected by the first sensor 230aq, and additionally, or
alternatively, the signal indicative of the degree of the
reduction 1n pressure as detected by the first pressure sensor
238a as inputs mto an algorithm stored 1n the memory 234
of the controller 232 to determine and/or calculate a corre-
sponding, appropriate tensiomng force, e.g., a pullback or
retraction force, to be applied to the first cable 144 via the
first tensioning device 140 to account for and retract the first
cable 144 a distance equivalent to the incremental increase
‘AL1’ (or following an initial or first incremental increase
‘AL1,’, any additional subsequent incremental increase,
‘AL1,”, ‘AL1,’, ‘AL1,” . . . ‘ALl as further discussed
herein) 1n first cable length ‘I.1° such that the first cable 144
1s returned to the taut or tensioned condition. Alternatively,
one or more, or both of the foregoing signals from the first
sensor 230a and the first pressure sensor 238a can be
compared to, correlated with, referenced to, or otherwise
analyzed by the controller 232 based upon corresponding
values 1n a data set, a lookup table, or model saved within
the memory 234 of the controller 232 which can include
plurality of tensioning forces, e.g., pullback or retraction
forces, (or values which quantity and/or characterize the
same), and the controller 232 can determine the appropriate
pullback or retraction force which corresponds with and 1s
established based on the foregoing sensor signal values.

As provided above, the controller 232 can be connected 1n
clectronic and controllable communication with the compo-
nents of the machine 100 as well as the implement system
120 thereot, including but not limited to the power source
110, the first and second pumps 222, 224, as well as the
valves, including, 1n part, the one or more valves 226, 220aq,
2200, and 217, as discussed herein. Upon the controller’s
232 determination of the calculated tensioning force to be
applied to the first cable 144 via the first tensioning device
140 to account for and retract the first cable 144 a distance
equivalent to any incremental increase according to any of
the embodiments as discussed above, the controller 232 can
responsively generate and electronically transmit (e.g., via
the communication device 236) one or more tensioning
force actuation signals corresponding to the calculated ten-
sioning force to the first pump 222 and/or the power source
110 as well as the valves, including at least the one or more
valves 226, such that, in response to receiving the one or
more tensioning force actuation signals, the first pump 222
1s actuated to fluidly supply a corresponding amount of
pressurized hydraulic tluid to the second fluid chamber 205
of the first tensioning device 140 to tluidly actuate the piston
202 (as well as the rod 204 attached thereto) to retract within
the cylinder 206 (e.g., the actuation of the piston 202 from
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position P1 shown 1n FIG. 6 to position P2 shown in FIG. 7)
upward at a distance equivalent to the incremental increase
‘AL1’ 1n the first cable length ‘L.1” (or following an 1nitial or
first incremental increase ‘AL1,’, any additional subsequent
incremental increase, ‘AL1,°, ‘AL1;", ‘AL1,” ... ‘AL1° as
further discussed herein) and pressurize the second fluid
chamber 203 such that the retraction of the rod 204 pulls the
first cable 144 toward the upper mounting structure 133 of
the mast 118 and imparts the adequate or required tension in
the first cable 144 such that the first cable 144 1s maintained
in the taut, firm, and tensioned condition to securely and
controllably interact with, engage, position, and actuate the
components of the implement system 120 including but not
limited to the drilling device 138.

Although the foregoing provides a disclosure of an
embodiment wherein the cable monitoring system 121 elec-
tronically and controllably actuates the first and second
tensioning devices 140, 142 to retract a distance equivalent
to any incremental increase (e.g., ‘AL1°/°AL2’, or 1 an

alternative embodiment, (or any additional subsequent
incremental increase, ‘AlL1,”, ‘AL1,’, ‘AL1,” ... ‘AL1°/

‘AL2,7, *AL2;, ‘AL2," ... ‘AL2 ’following an initial or first
incremental increase ‘Al1,°/*AL2,’; as further discussed
herein) 1n the first cable length ‘LL1” and/or the second cable
length ‘L.2° to re-engage and maintain the first and second
cables 144, 146 1n a 1n the taut, firm, and tensioned condition
(1n that the above disclosure with respect to the first cable
144 and first tensioning device 140 applies 1 a correspond-
ing, equivalent manner to the actuation of the second ten-
sioning device 142 and second cable 146), the first and
second tensioning devices 140, 142 can be actuated 1n other
ways. To provide one example of an additional, alternative
embodiment, the first and second tensioning devices 140,
142 can be hydraulically and/or hydromechanically con-
trolled and actuated to automatically retract to maintain the
first and second cables 144, 146 1n the taut, firm, and
tensioned condition in response to and as a result of changes
and/or differences 1n pressure within the hydraulic system
208. In particular, as shown, 1n FIGS. 3-5, the hydraulic fluid
within the conduits, including, 1n part, the second and third
conduits 2134, 2135, connected 1n fluid communication with
the second fluid chambers 205, 205' of the first and second
tensioning devices 140, 142, respectively, can be maintained
at a predefined, specific pressure (e.g., a predefined, specific
pilot pressure) which corresponds to that required within the

second fluid chambers 205, 205' to engage the pistons 202,
202' (and thereby the rods 204, 204' and second ends 184,

194 of the first and second cables 144, 146 connected
thereto, respectively) and thus impart and maintain the
adequate or required tension such that the first and second
cables 144, 146 are maintained in the taut, firm, and ten-
sioned condition. The first pump 222 as well as additional,
associated components of the hydraulic system 208, includ-
ing in part, the one or more valves 226 (as well as any of the
additional valves, as disclosed herein), can be controllably
and/or selectively actuated (e.g., via the controller 232) to
fluidly supply and maintain the hydraulic fluid to and within
the second and third conduits 213a, 2135 at the predefined,
specific pressure. As discussed above, any stretching which
causes an incremental increase (e.g., ‘AL1°/°AL2’) (or a
subsequent incremental increase, as discussed below) 1n the
first cable length ‘LL1” and/or the second cable length ‘1.2’
can result 1n a corresponding reduction in pressure of the
hydraulic fluid within the respective, corresponding second
fluid chambers 203, 205" of the first and second tensioning
devices 140, 142 below the required, predefined, specific
pressure maintained by the first pump 222 within the second
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and third conduits 213a, 21354. Thus, 1n the event of stretch-
ing and an i1ncrease 1n length of the first and/or second cable
144 and/or 146 and the resultant reduction 1n pressure of the
hydraulic flmd within the respective, corresponding second
fluid chambers 205, 205' below the pressure of the hydraulic
fluid maintained at the required, predefined, specific pres-
sure maintained within the second and third conduits 213a,
213H connected 1n fluid communication with the second
fluid chambers 205, 205", respectively, as well as the resul-
tant pressure diflerential therebetween, the hydraulic fluid
maintained at the required, predefined, specific pressure
within the second and third conduits 213a, 21356 will be
fluidly communicated into the respective second tluid cham-
ber 205, 205" experiencing a reduction 1n pressure, and the
first pump 222 can be actuated to restore and maintain the
hydraulic fluid within the second fluid chambers 205, 205
and the respective second and third conduits 213a, 2135
fluidly connected thereto at the required, predefined, specific
pressure. As a result, and 1n a manner consistent with the
foregoing disclosure, the supply and restoration of pressur-
ized hydraulic fluid at the required, predefined, specific
pressure to the second fluid chambers 205, 205" will thus
engage the pistons 202, 202' (as well as the rods 204, 204
and the first and second cables 144, 146 connected thereto,
respectively) to retract a distance equivalent to any incre-
mental increase (e.g., ‘AL1°/*AL2’) (or any additional sub-
sequent incremental increases, as noted above and further
discussed herein) in the first cable length ‘L1’ and/or the
second cable length ‘L.2° to re-engage and maintain the first
and second cables 144, 146 1n a in the taut, firm, and
tensioned condition.

In one embodiment, as discussed above and further dis-
closed herein, when the first cable 144 1s 1n the newly
installed and/or otherwise un-worn, un-damaged, and un-
stretched condition and includes the corresponding un-worn
and un-stretched first cable length ‘LL1° and i1s operably
installed for use in the implement system 120 and main-
tained 1n the taut, tensioned condition (e.g., with no slack) at
a corresponding initial position ‘P1° of, and by, the piston
202 of the first tensiomng device 140, such as the exemplary
position thereof shown in FIG. 6, the controller 232 can
monitor and receive a signal indicative of the position ‘P1°
of the piston 202 of the first tensioning device 140 sensed
and/or detected by, and electronically communicated to the
controller 232 from, the first sensor 230a which 1s attached
or connected, 1n part, 1n positional sensing engagement with
the first cable as well as the piston 202 and the rod 204 of
the first tensioning device 140. e.g., via a transductive or
other suitable sensing element of the first sensor 230a, to
sense and/or detect, in part, the position of the piston 202. In
response, the controller 232 can store the signal indicative of
the position ‘P1° of the piston 202 as corresponding to the
un-worn and un-stretched first cable length ‘LL1° of the first
cable 144 in the memory 234 thereof for further reference
and processing, as disclosed herein.

Upon the first cable 144 experiencing wear and/or fatigue
as described above which results 1n at least some degree of
stretching such that the length of the first cable 144 deviates
to elongate or stretch and experience any degree of incre-
mental increase ‘AL1’ beyond the first cable length ‘LL1°, as
discussed above, the first tensioning device 140, and the
piston 202 thereof can be actuated to retract a distance
equivalent to any incremental increase ‘AL1° to position P2
as shown 1n FI1G. 7 to re-engage and maintain the first cable
144 1n the taut, firm, and tensioned condition, and the
position P2 of the piston 202 can be sensed and/or detected
by the first sensor 230a (via the transductive element
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thereol) and signals indicative of the same can be monitored
and received by the controller 232 connected 1n electronic
communication with the first sensor 230a. As such, the
controller 232 can receive a signal indicative of the position
‘P2’ of the piston 202 of the first tensioning device 140
sensed and/or detected and electronically communicated to
the controller 232 by the first sensor 230a. In response, the
controller 232 can reference the signal indicative of the
position ‘P1’ of the piston 202 corresponding to the un-worn
and un-stretched first cable length ‘L1’ of the first cable 144
from the memory 234 of the controller 232 and compare the
signal indicative of the position ‘P1° with that of the position
‘P2’ of the piston 202 to calculate the incremental increase
‘AL1’ 1n first cable length ‘L.1°, wherein ‘P2°—P1°’="AL1".
Thereafter, the controller 232 can determine 1f the calculated
incremental increase ‘AL1’ in first cable length ‘L1’ 1s
indicative of or corresponds to an unacceptable operating
condition of the first cable 144, as further discussed herein.
It 1s to be noted that 1n the one or more additional embodi-
ments discussed below, the disclosure of the above embodi-
ment, as well as those disclosed below, each apply 1n a
corresponding, equivalent manner, and, more particularly,
can each be applied in a consistent manner for each of the
first incremental increase ‘AL1,’°, as well as any subsequent
additional subsequent 1incremental increases. °‘AL1l,’,
‘AL1;, ‘AL1, ... ‘ALl as required for in connection with
and/or as required for the controller’s 232 determination of
the operating condition of the first cable 144 based upon a
total, combined incremental increase ‘AL1, . ,” 1n the first
cable length ‘L1’ as further discussed herein.

In an additional embodiment, the controller 232 can
calculate the incremental increase ‘AL1’ (as well as, 1n the
embodiments discussed below, each additional subsequent
incremental increases ‘AL1 " and the total, combined incre-
mental increase ‘ALL1, ") in the first cable length ‘[.1° of
the first cable 144 by processing and/or analyzing signals
indicative of the forces to which the first cable 144 1is
subjected during use and operation as sensed and/or detected
by the first sensor 230q. In any embodiment, the first sensor
230a can not only sense the position of the piston 202 and
the rod 204 as discussed above, but can additionally be 1n
sensing contact or engagement with the first cable 144 via
the rod 204, via the transductive or other suitable sensing
clement of the first sensor 230a, to continuously sense
and/or detect signals indicative of forces, loads, and/or
stresses, including, at least in part, tensional forces, to which
the first cable 144 1s subjected during use. In the present
embodiment (as well as others as disclosed herein), the first
sensor 230a can continuously sense and/or detect, generate,
and electronically transmit signals indicative of such forces
to the controller 232. The controller 232 can continuously
monitor, receive, and process such signals to thereby con-
tinuously monitor and determine the operational state of the
first cable 144, including, in part, a calculation of the
incremental increase ‘AL1’° in the first cable length L1°.
Specifically, 1n one embodiment, based upon the processing
of the signals indicative of the forces, loads, and/or stresses
imparted to the first cable 144 during use and received from
the first sensor 230a, the controller 232 can determine and/or
detect a tensional force T1 (or collective tensional force)
which has been applied to the first cable 144 and/or under
which the first cable 144 1s experiencing during operation. In
response, the controller 232 can calculate the incremental
increase ‘AL1’ (and, 1n the embodiments discussed below,
cach additional subsequent incremental increases ‘ALL1. "~ and
the total, combined incremental increase ‘AL1 . . ) 1n first
cable length ‘LL1° of the first cable 144 using, based upon,
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and/or as a function or result of the tensional force T1 1n
combination with the Young’s modulus and/or modulus of
clasticity of the first cable 144 (wherein such values of the
Young’s modulus and/or modulus of elasticity for the first
cable 144 can be stored in the memory 234 and referenced
by the controller 232).

In addition, or 1n an alternative embodiment, as discussed
above, 1n addition to the first sensor’s 230a detection of the
forces, loads, and/or stresses, including, at least in part,
tensional forces, to which the first cable 144 1s subjected
during use which can result in stretching of the first cable
144, the first sensor 230aq can additionally sense and/or
detect the degree of lack of tautness or reduction 1n tension
force experienced by and within the attachment between the
second end 184 of the first cable 144 and the end of the rod
204 opposite the piston 202 of the first tensioning device 140
which corresponds to and can be caused as a result of the
stretching of the first cable 144 beyond the first cable length
‘L1°. The si1gnal indicative of the reduction in tension force
between the second end 184 of the first cable 144 and the end
of the rod 204 sensed and/or detected by the first sensor 230a
can be electronically monitored and received by the con-
troller 232 connected 1n electronic communication with the
first sensor 230a. The controller 232, utilizing internal
programming, processing, and/or control logic, and the like,
can apply and process the signal indicative of the degree of
reduction in tension force as detected by the first sensor 2304
into an algorithm stored 1n the memory 234 of the controller
232 to calculate the incremental increase ‘AL1’ 1n the first
cable length ‘L.1° (as well as each additional subsequent
incremental 1increases ‘ALl and the total, combined 1ncre-
mental increase ‘AL1,. ., as further disclosed herein).
Alternatively, the signal from the first sensor 230a can be
compared to, correlated with, referenced to, or otherwise
analyzed by the controller 232 based upon corresponding
values 1n a data set, a lookup table, or model saved within
the memory 234 of the controller 232 which can include one
of a plurality of values of incremental increases ‘AL1’ 1n the
first cable length ‘LL1° which corresponds with and 1s estab-
lished based on the signal from the first sensor 230a, and the
controller 232 establishes, determines, and outputs the
appropriate corresponding incremental increase ‘AL1’ 1n the
first cable length ‘L1’ of the first cable 144.

In yet another embodiment, as discussed herein, the
stretching of the first cable 144 beyond the first cable length
‘LL1° can result 1n a corresponding reduction 1n pressure of
the hydraulic fluid within the second fluid chamber 205 of
the first tensioning device 140, which can be sensed and/or
detected by the first pressure sensor 238a. The signal indica-
tive of the reduction 1n pressure of the hydraulic fluid within
the second fluid chamber 205 sensed and/or detected by the
first pressure sensor 238a can be electronically monitored
and received by the controller 232. The controller 232 can
apply and process the signal indicative of the degree of
reduction 1n pressure of the hydraulic tluid as detected by the
first pressure sensor 238a into an algorithm stored in the
memory 234 of the controller 232 to calculate the incre-
mental increase ‘AL1’ (as well as each additional subsequent
incremental increases ‘AlL1, " as further disclosed herein) 1n
first cable length ‘LL1°, or alternatively, the signal from the
first pressure sensor 238a can be compared to, correlated
with, referenced to, or otherwise analyzed by the controller
232 based upon corresponding values 1n a data set, a lookup
table, or model saved within the memory 234 of the con-
troller 232 which can include a plurality of values of
incremental increases ‘AL1" in first cable length ‘LL1°, and
the controller 232 can determine the appropriate correspond-
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ing incremental increase ‘ALL1° (as well as each additional
subsequent incremental increases ‘AlL1, " as further disclosed
herein) 1 the first cable length ‘LL1° of the first cable 144
which corresponds with and 1s established based on the
signal from the first pressure sensor 238a.

Upon determining the incremental increase ‘AL1’ (as well
as each additional subsequent incremental increases ‘AL1 °
as further disclosed herein) in the first cable length ‘LL1° of
the first cable 144 according to any of the embodiments
discussed above or those further discussed herein, the con-
troller 232 can not only save the determined and/or calcu-
lated incremental increase ‘AL1°, but can also further pro-
cess and determine 1f the incremental increase ‘AL1’ (or a
total, combined incremental increase ‘AL1, . .~ as further
discussed herein) 1n the first cable length ‘L1’ 1s indicative
ol or corresponds to an acceptable or unacceptable operating
condition of the first cable 144. An unacceptable condition
of the first cable 144 can be one 1n which the first cable 144
1s 1n a condition near or unacceptably close to failure, and/or
has experienced extensive wear or stretching such as near or
unacceptably close to the point of inoperability. In one
embodiment, the unacceptable condition can be established
and/or defined based upon a threshold value, which may be
a manufacturer recommended value for the first cable 144
and/or established based upon the material composition of
the first cable 144 (as discussed above) as well as associated
strength, stretching, stress, and/or force tolerances associ-
ated therewith, and can be stored in the memory 234 and
referenced by the controller 232 as discussed herein. As one
example, the threshold value can be an absolute, relative, or
comparative value or standard which 1s equivalent to and
defines the magmtude or measured length of stretching
and/or elongation (and 1n one example, the limit thereot) the
first cable 144 can endure, withstand, or otherwise be
subjected to while still retaining the ability to securely,
reliably, eflectively, or otherwise acceptably operate before
reaching an extent of stretching and/or elongation wherein
the first cable 144 near or unacceptably close to yielding,
breaking, snapping, or otherwise to the point of inoperabil-
ty.

As such, upon determining the incremental increase
‘AL1” (or the total, combined incremental increase
‘AL1, . as further discussed herein) in the first cable
length ‘1" of the first cable 144 according to any of the
embodiments discussed above or further discussed herein,
the controller 232 processes and compares the determined
and/or calculated incremental increase ‘AL1’ (or the total,
combined incremental increase ‘ALl ., ,”) with the thresh-
old value. If, based upon the comparison, the determined
and/or calculated incremental increase ‘AL1’ (or the total,
combined incremental increase ‘ALl1. . .7 ) 1s less than or
otherwise does not meet the threshold value, the controller
232 designates or otherwise defines the operational status of
the first cable 144 as acceptable or satisfactory, and can
continue to monitor the operational status of the first cable
144 as disclosed herein, (as well as the second cable 146 1n
a corresponding, equivalent manner), and, in response, can
take any additional actions according to any of the embodi-
ments as further disclosed herein.

If, however, based upon the comparison, the determined
and/or calculated incremental increase ‘AL1’ (or the total,
combined incremental increase ‘ALl . .”) 1s equivalent to,
or greater than, the threshold value, the controller 232
determines, and responsively designates or otherwise
defines the operational status of the first cable 144 as
unacceptable and can take any one or more of the responsive
actions as discussed herein. In an additional embodiment, 1f
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the incremental increase ‘AL1° (or the total, combined
incremental increase ‘AlL1.. .7 as turther discussed herein)
in the first cable length ‘LL1° of the first cable 144 1s less than
the threshold value but 1s approaching the threshold value at
or within a proximate, critical range thereto, which, 1n one
example, can be a calculated incremental 1increase ‘AL1’ (or
a total, combined incremental increase ‘ALl1, . ) at or
within a range of within one of twenty percent (20%), ten
percent (10%) and five percent (5%) of reaching the thresh-
old value, the controller 232 can designate or otherwise
defines the operational status of the first cable 144 as a
caution or warning status and can take any one or more of
the corresponding responsive actions as discussed herein.

The threshold value can be established as a percentage
value based upon and with reference to the original, newly
installed, un-worn and un-stretched first cable length ‘LL1° of
the first cable 144, and more particularly, such percentage
value can be defined as limit of the permissible stretching
beyond the un-stretched length based upon factors includ-
ing, 1n part, the particular material composition of the first
cable 144 (as discussed above). To provide one non-limiting
example, the threshold value can be established at length of
stretching equivalent to twenty percent (20%) of the length
of the original, newly 1installed, un-worn and un-stretched
first cable length ‘LL1° of the first cable 144 (as well as the
second cable length ‘L.2” of the second cable 146). In other
examples, the threshold value can be established at a per-
centage value as low as three percent (3%), or, alternatively,
as high as thirty percent (30%) of the length of the original,
newly installed, un-worn and un-stretched first cable length
‘L1’ of the first cable 144 (as well as the second cable length
‘.2 of the second cable 146), and as such, 1n one example,
the threshold value can be established at any one percentage
value between three percent (3%) and thirty percent (30%)
of the first cable length ‘I.1° of the first cable 144 (as well
as the second cable length ‘L2’ of the second cable 146). In
another example, the threshold value can be established at
any one percentage value between three percent (3%) and
five percent (35%), or, alternatively, between three percent
(3%) and ten percent (10%) of the first cable length ‘L1° of
the first cable 144 (as well as the second cable length ‘1.2’
of the second cable 146). In yet another example, the
threshold value can be established at any one percentage
value between ten percent (10%) and twenty five percent
(25%) of the first cable length ‘I.1° of the first cable 144 (as
well as the second cable length ‘L2 of the second cable
146). It 1s to be understood, however, that other values for
the threshold value are contemplated and within the scope of
the present disclosure.

The value or measurement of the length of the original,
newly installed, un-worn and un-stretched first cable length
‘L1° of the first cable 144 can be calculated and/or deter-
mined by the cable monitoring system 121, including via the
controller 232 and the one or more sensors 230 as discussed
herein, or alternatively (or additionally), the value of the
original, un-stretched first cable length ‘L1’ of the first cable
144 can be saved 1n the memory 234 and referenced by the
controller 232. The controller 232 then calculates the ratio of
the value of the calculated or determined incremental

increase ‘AL1’ (or the total, combined incremental increase
‘ALl . ., as discussed herein) of the first cable 144 to the

fotal
value of the original, un-stretched first cable length ‘LL1° of
the first cable 144 as a percentage value to obtain an
incremental increase percentage value ((*AL1°/°LL17)=calcu-
lated 1incremental 1ncrease percentage value) (or
((‘AL1,  ,/°LL1”)=calculated incremental increase percent-

age value). Finally, the controller 232 compares the calcu-

10

15

20

25

30

35

40

45

50

55

60

65

28

lated 1incremental increase percentage value with the thresh-
old wvalue, and 1f the calculated incremental increase
percentage value 1s less than the threshold value (calculated
incremental increase percentage value<threshold value), the
controller 232 determines that the operating condition of the
first cable 144 1s acceptable or satisfactory and designates
the operating condition as such. If however, the calculated
incremental increase percentage value 1s equal to, or greater
than or equal to, than the threshold value (calculated incre-
mental increase percentage value> (or z) threshold value),
the controller 232 determines and designates that the oper-
ating condition of the first cable 144 1s unacceptable and can
take any one or more of the responsive actions as discussed
herein. In an additional embodiment, if the controller 232
determines that the calculated incremental increase percent-
age value 1s less than the threshold value but 1s approaching
the threshold value to be within a critical range thereof, (e.g.,
the threshold wvalue (f (calculated incremental increase
percentage value<threshold value), then (calculated incre-
mental increase percentage value+critical range percentage
valuezthreshold value)), the controller 232 can designate the
operating condition as a caution or warning status.

In an additional embodiment, the first and second ten-
sioning devices 140, 142 can have a size and range of
operation which corresponds to the recommended life of the
first and second cables 144, 146, wherein, 1n one example,
the first and second tensioning devices 140, 142 can be sized
to match the threshold value of the first and second cables
144, 146, respectively. In particular, each of the cylinders
206, 206' can have a height (or length) that 1s sized to limat
the maximum distance of actuation or movement of each
respective piston 202, 202' (as well as the corresponding
rods 204, 204" attached thereto) to retract within the corre-
sponding cylinders 206, 206' to pull the corresponding,
respective first and second cables 144, 146 toward the
corresponding, respective upper and lower mounting struc-
tures 133, 135 which 1s equivalent to the threshold value for
cach corresponding, respective first and second cables 144,
146. As such, the distance of movement or retraction of each
respective pistons 202, 202" within the corresponding cyl-
inders 206, 206' 1s prevented from retracting each corre-
sponding, respective first and second cables 144, 146 to a
length which exceeds the threshold value thereof. Based
upon the processing of signals from the one or more sensors
230, controller 232 can determine 1f the threshold value of
one or more of the first and second cables 144, 146 has been
reached. In one example, the controller 232 can determine
that the piston 202 has reached 1ts maximum distance of
actuation or movement of within the cylinder 206, which
corresponds to the recommended life and/or threshold value
limit of the first cable 144, 1n response to processing one or
more signals from first sensor 230q indicating that the piston
202 has reached a position corresponding to the maximum
distance of movement, or alternatively, one or more signals
from the first pressure sensor 238a sensing a pressure within
the second fluid chamber 205 indicative of a sensed spike in
pressure supplied thereto (given the mability of the piston’s
202 further movement), or 1n yet another alternative, one or
more signals from the first pressure sensor 238a indicative
of a supply of pressurized fluid to and/or increase 1n pressure
within the second fluid chamber 205 1n combination with a
signal from the first sensor 230a indicative of a lack of
movement and/or stationary position of the piston 202, It 1s
to be noted that, as with the additional disclosure as provided
above and further provided herein, the foregoing discussion
applies 1n an equivalent and corresponding manner with
respect to the second cable 146 and the piston 202' of the
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second tensioning device 142 as well as the associated
second sensor 2305, second pressure sensor 2385, etc. In yet
another example, the controller 232 can determine that one
or more of pistons 202, 202' have reached i1ts maximum
distance of actuation or movement of within the respective
cylinder 206, 206', and as a result has the recommended life
and/or threshold value limit of the corresponding, respective
first and/or second cable 144, 146 has been reached in
response to recerving one or more signals from the opposing,
respective second tensiomng device 140 and first tensioning,
device 140. Specifically, when a downward (or upward)
force 1s applied by the implement system 120 to actuate the
drilling device 138 1n a downward (or upward) direction as
discussed herein, under normal operating conditions with
the first cable 144 (and second cable 146) maintained in the
tensioned, taut condition, the downward (or upward) actua-
tion will result 1n an increase 1n pressure 1n the second fluid
chamber 205' 1n the opposing second tensioning device 142
(or the second fluid chamber 205 in the opposing first
tensioning device 140). However, 11, based upon monitoring
the signals from the second pressure sensor 2385 (or first
pressure sensor 238a), the controller 232 monitors and/or
receives one or more signals therefrom indicative of a lack
ol a pressure rise in the opposing second tluid chamber 205
(or second fluid chamber 205) 1n response to such downward
(or upward) movement or actuation of the drilling device
138, such a lack of pressure rise can be processed by the
controller 232 to determine that the pistons 202 (or 202') has
reached 1ts maximum distance of actuation or movement and
as a result the recommended life and/or threshold value limait
of the first cable 144 (or the second cable 146) has been met.
If so, according to any of the embodiments as discussed
above, the controller 232 can responsively determine that
the operating condition of one or more of the first and second
cables 144, 146 1s unacceptable and can take any one or
more of the responsive actions as discussed herein.

As disclosed above, the controller’s 232 determination of
the operating condition of the first cable 144 can include,
and can be based upon, a single, 1nitial, incremental increase
‘AL1’ 1n the first cable length °‘LL1° according to any of the
embodiments, as disclosed herein. However, 1n one or more
additional embodiments, the controller’s 232 determination
ol the operating condition of the first cable 144 1n a manner
consistent with any of the embodiments described herein,
can also be based upon a total, combined incremental
increase ‘ALl " 1n the first cable length ‘LL1°, wherein the
total, combined incremental increase ‘ALl ., can be
defined as and 1nclude the combined, sum total of a plurality
of, or one or more, sequential and collective incremental
increases ‘AL1’ in the first cable length ‘LL1° of the first cable
144 during and throughout the use thereof. The total, com-
bined incremental increase ‘ALl . ;" in the first cable length
‘.1’ can include a current, sensed incremental increase
‘AL1’ 1n the first cable length ‘L.1° as well as any previously
detected one or more incremental increases ‘AL1’ 1n the first
cable length ‘LL1°, provided that the sum total of the previous
incremental increases ‘AL1’ in the first cable length ‘L1’
have not exceeded or met the threshold value. In particular,
the cable monitoring system 121, and the controller 232
thereolf, can monitor and make a determination of the
condition of the first cable 144 based upon the analysis and
processing ol the total, combined incremental increase
‘AL1, .. 1n the first cable length ‘I.1° consisting only of an
initial, or first incremental 1increase ‘ALL1,’ 1n the first cable
length ‘L1’ as determined by the controller 232 according to
any embodiment, as disclosed herein (wherein the *AL1 .

in the first cable length ‘L1°=AL1,). If, based upon a
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determination by the controller 232 according to any
embodiment as discussed herein that the ‘AL1,, . ,” consist-
ing only of the first incremental increase ‘AL1° does not
exceed or meet the threshold value and results in the
determination of an acceptable or satisfactory operating

condition, the controller 232 can save the value of the first
incremental increase ‘ALL1,” and continue to monitor the
condition of the first cable 144. Thereafter, 11 the first cable
144 experiences an additional, sequential, subsequent, sec-
ond incremental increase ‘AL1,’, again, as determined by
the controller 232 based upon and in response to signals
sensed by the sensors 230 according to any embodiment
discussed above, the controller 232 can calculate (and
update) the ‘AL1,, ., by referencing the value of the first
incremental increase ‘AL1,” previously determined by the
controller 232 and saved 1n the associated memory 234, and
combining the value of the first incremental increase ‘AL1,’
with the subsequent, second incremental increase ‘AL1,’ to
thus calculate the value of the total increase 1n the first cable
length ‘I.1” as the sum total of first and second incremental
increases (‘AL1, J =‘AL1,’+‘AL1,’). Thereafter, the con-
troller 232 can determine the operating condition of the first
cable 144 based upon the analysis and processing of the
(updated) ‘AL1, .. (wheremm ‘ALl1. ./ =°AL1,"+‘AL1l,’)
according to any embodiment, as disclosed herein, and 11 the
‘AL1_, . consisting of the total combined value of the first
and second incremental increases ‘AL1,°, ‘AL1,’ does not
exceed or meet the threshold value and results in the
determination of an acceptable or satisfactory operating
condition, the controller 232 can save the value of the
second 1ncremental increase °‘AL1,” in the associated
memory 234. Subsequently, and 1n a consistent manner, the
controller 232 can continue to monitor and calculate (and
update) the ‘AL1. .. for additional, sequential, subsequent
incremental increases ‘AlL1,", “‘AL1,” . .. ‘AL1 ° (wherein
‘AL1, J=2(‘AL1,+°AL1,+‘AL1;+°AL1,.+ ... ‘ALl "),
until the calculated and updated ‘AL1,, . ,” meets or exceeds
the threshold value. Again, the foregoing discussion 1s
equally applicable to the second cable 146, and, as such, 1n
an equivalent and corresponding manner, the controller 232
can monitor and calculate (and update) the “‘AL2 . . .” for one
or more sequential and collective incremental increases
‘AL2’ 1n the second cable length ‘1.2’ of the second cable
146, ec.g., ‘AL2. ./ =AL2.7; ‘AL2,. ./ ="AL2,+‘AL2,’;
‘AL2,  J=2(AL2,+°AL2,+°AL2+°AL2,°+ . .. “AL2 ),
until the calculated and updated ‘AL2 . . ,” meets or exceeds
the threshold value. Upon one or more of the calculated
‘AL1, . . and ‘AL2. . meeting or exceeding the threshold
value according to any of the embodiments as discussed
above, the controller 232 can responsively determine that
the operating condition of the corresponding first and/or
second cable 144 and/or 146 1s unacceptable and can take
any one or more ol the responsive actions as discussed
herein.

The cable monitoring system 121, including, in part, the
controller 232 thereol, can additionally determine a remain-
ing useful life of the first cable 144 and the second cable 146
based upon the continuous monitoring and analysis, in real
time, of one or more parameters, including prior operating
condition(s) of the first cable 144 and the second cable 146,
prior forces and/or loads under which the each of the first
cable 144 and second cable 146 have been operated and
exposed, the current operating condition of each of the first

cable 144 and the second cable 146, forces and/or loads
which each of the first cable 144 and the second cable 146
are currently experiencing and operating, the material com-
position of the first cable 144 and the second cable 146 as
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well as associated strength, stretching, stress, and/or force
tolerances associated therewith, as well as various combi-
nations such parameters. Such parameters can be sensed
and/or detected by the one or more sensors 230, stored 1n the
memory 234 of the controller 232, and/or calculated by the
controller 232 1n a manner consistent with any one or more
of the embodiments discussed above and further disclosed
herein. The controller 232 can, 1n part, continuously monitor
and electronically receive one or more signals from the one
or more sensors 230, as disclosed herein, indicative of one
or more of such parameters associated with each of the first
cable 144 as well as the second cable 146, and can process
such signals, 1n addition to further information and/or data,
as disclosed herein, to determine, save (in the memory 234),
and update the remaining useful life of each of the first cable
144 and the second cable 146 continuously, 1n real time,
during and throughout the operation and use of the first and
second cables 144, 146, and take any further responsive
actions discussed herein. Again, although the disclosures of
the determinations of the remaining useful life as provided
below are discussed with respect to the first cable 144, the
cable monitoring system 121, including, in part, the con-
troller 232 thereot, can additionally determine the remaining
useful life of the second cable 146 1n a manner which
consistent with and equivalent to that as discussed below
with respect to the first cable 144.

In one example, the controller 232 can continuously
monitor and electronically receive one or more signals from
the one or more sensors 230, e.g., signals from the first
sensor 230q indicative of a position of the components of the
first tensioning device 140 associated with the first cable
144, and/or forces, loads, and/or stresses, including, at least
in part, tensional forces, to which the first cable 144 1is
subjected and/or signals from the first pressure sensor 238a,
according to and consistent with any embodiment as dis-
cussed above. Based upon the processing of such signals, the
controller 232 can determine the current length of the first
cable 144, the incremental increase ‘ALL1’ 1n the first cable
length ‘LL1°, and/or the current incremental increase (e.g.,
‘AL1,"+°AL1,+°AL1,+°AL1,+ . . . ‘AL1") 1in the first
cable length ‘L1’ of the first cable 144, and can further

determine the total, combined incremental increase AL1 .,
in the first cable length ‘LL1° of the first cable 144 according
to and consistent with any embodiment as discussed above,
and can further process the corresponding values to deter-
mine the remaiming usetul life of the first cable 144, as
discussed herein. In one embodiment, prior to determining
the remaining usetul life of the first cable 144 (or contem-
poraneous therewith) as discussed herein, the controller 232
can determine the operating condition of the first cable 144
to ensure that the current operating condition 1s unaccept-
able, and thus the remaining useful life of the first cable 144
has already been met or exceeded, by comparing the incre-
mental increase ‘ALL1° or the total, combined incremental
increase AL1, . . with the threshold value according to any
of the corresponding embodiments as discussed herein to
ensure that the incremental increase ‘AL1’ or the total
incremental increase AL1, ., , has not exceeded or met the
threshold value. If the operating condition of the first cable
144 1s acceptable or satisfactory as determined by the
controller 232, the controller 232 can proceed to determine
the remaining useful life of the first cable 144. Alternatively,
in instances where the threshold value 1s met or exceeded,
the controller 232 can determine and output a remaining,
usetul life as corresponding to none or 0% which can
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accompany the controller’s 232 determination and designa-
tion of the operating condition of the first cable 144 as
unacceptable.

The remaining usetul life of the first cable 144 can, 1n one
embodiment, be defined, and calculated, e.g. via an algo-
rithm stored 1n the associated memory 234, by the controller
232 as a ratio or relationship between the incremental
increase ‘AL1’° or the total, combined incremental increase
AL1., . 1in the first cable length ‘L1’ of the first cable 144
and the threshold value. Specifically, the controller 232 can
turther process the incremental increase ‘AL1’ or the total,
combined incremental increase AL1 . . , calculated thereby
and can reference the threshold value for the first cable 144
from the memory 234 to calculate and determine the remain-
ing useful life of the first cable 144 as a percentage based
upon a ratio between the value of the incremental increase
‘AL1’ or the total, combined incremental increase AL1 ., ,
and the threshold value, wherein 1n one example, the ratio
can be linear, e.g., ((100%—-(*AL1’ value/threshold value)
=remaining useiul life percentage) or (100%—-(‘AL1,_
value/threshold value)=remaining useful life percentage))
wherein incremental increase ‘AL1’ or total, combined
incremental increase ‘ALll. . values which amount to
none, a quarter, half, three-quarters, or the at or equivalent
to of the threshold value are calculated by the controller 232
as the first cable 144 having a remaining useful life percent-
age of 100%, 75%, 50%, 25%, and 0%, respectively. Alter-
natively, the relationship between the value of the incremen-
tal increase °‘AL1° or the total, combined incremental
increase ‘ALl . " and the threshold value can be non-linear,
¢.g., mcremental increase ‘AL1’ or total, combined incre-
mental increase ‘ALl . . values which amount to none or
zero and those which are at or equivalent to of the threshold
value remain and are determined by the controller 232 as the
first cable 144 having a remaining useful life percentage of
100% and 0%, respectively, but the remaining useful life
percentages of the first cable 144 are determined by the
controller to decline at a more rapid rate for incremental
increase ‘AL1’ or total, combined incremental increase
‘AL1,, . . values which are 50% of the threshold value or
greater than for those that are between 0% and 49% of the
threshold value. In the latter example, the value of the
incremental increase ‘AL1’ or the total, combined incremen-
tal increase ‘ALl . ;" and the threshold value can be com-
pared to, correlated with, referenced to, or otherwise ana-
lyzed by the controller 232 based upon corresponding values
in a data set, a lookup table, or model saved within the
memory 234 of the controller 232 which can include a
plurality of remaining useful life percentage values, and the
controller 232 can determine the appropriate corresponding
remaining useful life percentage value of the first cable 144
which corresponds with and 1s established based on the
‘AL1’ or ‘AL1, ., values as well as the threshold value.

In another embodiment, the controller 232 can calculate
the remaining usetul life of the first cable 144 based not only
on the ratio or relationship between the increase 1n the length
of the first cable 144 and the threshold value, but also, and
in combination with, the tension forces experienced by the
first cable 144. In addition to the controller 232 receiving
and processing the signals from the one or more sensors 230
to determine the incremental increase ‘AL1’ (or the total
incremental increase ‘ALl . .”) 1n the first cable length ‘I.1°
according to any of the embodiments discussed herein, the
controller can additionally electronically monitor and
receive at least one (or one or more) signal imndicative of a
tension force (or a corresponding value thereotf) which the
first cable 144 1s currently being subjected to and/or oper-
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ating under 1n real time while engaged 1n use 1n the 1imple-
ment system 120 as sensed and/or detected by the first sensor
230a. The controller 232 can responsively calculate the
remaining useful life percentage of the first cable 144 as a
ratio or relationship between the incremental increase ‘AL1°
or the total incremental increase ‘AL1 ., ;" and the threshold
value according to any of the examples discussed above. For
the purposes of, and as specifically applied to the discussion
of the present embodiment, the remaiming useful life per-
centage of the first cable 144 as calculated by the controller
232 as a ratio or relationship between the incremental
increase ‘AL1’ or the total incremental increase AL1 ., ,and
the threshold value according to any of the examples dis-
cussed above will be referred to herein as the “initial or
threshold ratio remaining useful life percentage value”. The
controller 232 can subsequently, or simultaneously, modily
or further process the mnitial or threshold ratio remaining
usetul life percentage value of the first cable 144 based upon
the value corresponding to the magnitude of tension force to
which the first cable 144 1s under, being subjected to, or
otherwise applied to the first cable 144 as sensed by the first
sensor 230a. In one embodiment, the initial or threshold
rat1o, remaining useful life percentage value can be com-
pared to, correlated with, referenced with, or otherwise
analyzed by the controller 232 based upon corresponding
values 1n a data set, a lookup table, or model saved within
the memory 234 of the controller 232 which can include a
plurality of reference threshold ratio, remaining usetul life
percentage values, each including a corresponding, plurality
of tension values (also defined herein as a range of tension
values) and corresponding remaining useful life percentage
values, and the controller 232 can determine the appropnate
corresponding remaining useful life percentage value of the
first cable 144 which corresponds with and 1s established
based on the 1nitial or threshold ratio remaining useful life
percentage value as well as the sensed tension force value.
In particular, in one embodiment, the controller 232 can
determine and calculate the 1nitial or threshold ratio remain-
ing useful life percentage value 1n a manner corresponding
to and consistent with any of the embodiments disclosed
above. The controller 232 can process the calculated mitial
or threshold ratio remaining useful life percentage value
based upon and referenced and/or correlated with a corre-
sponding, equivalent one of the reference threshold ratio
remaining useful life percentage values i a data set, a
lookup table, or model saved within the memory 234 of the
controller 232, and the sensed tension force value (T ) being
currently applied to the first cable 144 can be analyzed based
upon and/or referenced or correlated with a corresponding,
equivalent value within the range of tension values associ-
ated with and/or specific to the calculated initial or threshold
ratio remaimng useful life percentage value 1n a data set, a
lookup table, or model saved within the memory 234 of the
controller 232. The range of tension values can be stored 1n
the memory 234 and referenced by the controller 232, as
disclosed herein, and can include a nominal, expected,
and/or normal tension value (T) which can correspond to
and/or be established as equivalent to an amount of tension
experienced by and/or applied to the first cable 144 under
expected or normal conditions, or otherwise established as a
tension value which, when correlated and/or processed by
the controller 232, would not result 1n any modification to or
adjustment of the mitial or threshold ratio remaining useful
life percentage value.

The range of tension values can also include a plurality of
increased tension values which can range from just above
the nominal, expected, and/or normal tension value (T =T,,)
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to a maximum tension value (T,,,.). As provided above,
cach 1nitial or threshold ratio remaining useful life percent-
age value (upon and via the referencing and/or correlation
with the equivalent reference threshold ratio remaining
usetul life percentage value) can include a specific, corre-
sponding range of tension values which can be established
based upon, and specific to, the percentage value of 1mitial or
threshold ratio remaining useful life percentage value. As
such, the maximum tension value (T, ,,-) can be defined and
established as a tension value equivalent to that, when
applied to the first cable 144 having, based upon, and
currently operating at, the specific mitial or threshold ratio
remaining useful life percentage value as calculated by the
controller 232, would result in and/or cause increase in the
first cable length ‘1" of the first cable 144 such that the
additional incremental increase ‘AlL1° or resultant, total,
combined incremental increase ‘ALl . . 1n the first cable
length ‘I’ would meet the threshold value, and thus result 1n
the controller’s 232 determination and designation of the
operating condition of the first cable 144 as unacceptable.
Consequently, the maximum tension value (T,,,,) included
and specific to a threshold ratio percentage value saved 1n
the memory 234 as correlated to, and equivalent to a first
cable 144 having an imtial or threshold ratio remaining
usetul life percentage value of, e.g., ninety percent (90%)
may be much larger than that of a first cable 144 having an
initial or threshold ratio remaining useful life percentage
value of, e.g., ten percent (10%). The range of tension values
can also iclude a plurality of reduced tension values which
can range from just below the nominal, expected, and/or
normal tension value (1,) to a minimum tension value
(T,,n), wherein, in one example, the minimum tension
value (T,,,) can correspond to and/or be established as
equivalent to the lowest or minimal amount of tension that
can be experienced by and/or applied to the first cable 144
while engaged in use 1n the implement system 120.

The determination by the controller 232 of the remaining,
usetul life percentage of the first cable 144 based, in part,
upon the mitial or threshold ratio remaining useful life
percentage value, the sensed tension value (T,), and the
range of tension values can be performed according to any
ol the embodiments as discussed above and further disclosed
herein. In particular, in one embodiment, the controller 232
can process the mitial or threshold ratio remaining usetul life
percentage value, the sensed tension value (T,,), the corre-
sponding range of tension values (including, in part, the
nominal, expected, and/or normal tension value (1,/)), as
well as the corresponding tension value from the range of
tension values, as disclosed above, as mputs 1nto an algo-
rithm stored in the memory 234 of the controller 232 to
determine the remaining useful life percentage of the first
cable 144 by moditying or adjusting the initial or threshold
ratio remaining useful life percentage value by an amount
which corresponds to the measure, proportion, or extent by
which the sensed tension value (T.) deviates from the
nominal, expected, and/or normal tension value (T ,,) within
the range of tension values, as further disclosed herein. In
another embodiment, each of the tension values included 1n
the range of tension values for each of the reference thresh-
old ratio remaining useful life percentage values stored 1n
the memory 234 can include a corresponding remaining
usetul life percentage which can be referenced and output by
the controller 232 upon correlating the nitial or threshold
ratio remaining useful life percentage value and the sensed
tension value therewith, as disclosed herein.

As further discussed herein, larger sensed tension force
values as sensed by the first sensor 230a and processed by
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the controller 232 can reduce the initial or threshold ratio
remaining useful life percentage value and result the con-
troller’s 232 determination of a comparatively lower remain-
ing useful life percentage of the first cable 144, and sensed
smaller tension force values can increase the initial or
threshold ratio remaiming usetul life percentage value and
result the controller’s 232 determination of a comparatively
higher remaining useful life percentage of the first cable 144.
The first cable 144 can be operating with and include an
incremental increase ‘AL1’ in the first cable length ‘LL1° or
a total, combined incremental increase AL1. . , 1in the first
cable length ‘L.1°, which, when processed by the controller
232 based upon the threshold value, results 1in the control-
ler’s 232 calculation of the 1nitial or threshold ratio remain-
ing useful life percentage value, again, according to any of
the embodiments disclosed above, which, 1n one 1llustrative,
non-limiting example, may be seventy percent (70%). The
controller 232 can further process the initial or threshold
ratio remaining useful life percentage value based upon the
sensed tension force value (TS) being currently applied to
the first cable 144 1n current, real-time i1mplementation
and/or use within the implement system 120, as disclosed
above. It the sensed tension force value (1) 1s equivalent to
the nominal, expected, and/or normal tension value (T =1 ,,),
the controller 232 determines and establishes the remaining,
uselul life percentage of the first cable 144 as equivalent to
the calculated 1nitial or threshold ratio remaining usetul life
percentage value, which, again, 1n the current example, may
be seventy percent (70%).

It the sensed tension force value (T.) as detected and/or
sensed by the first sensor 230q 1s equivalent to a value 1n the
range of tension values which 1s just above, or just below the
nominal, expected, and/or normal tension value (T =T ,,), the
controller 232 can apply and process the sensed tension
value (T,), as disclosed above, to modity or adjust the
calculated initial or threshold ratio remaining useful life
percentage value a corresponding amount, and as such, the
controller 232 can decrease or increase, respectively, the
calculated threshold ratio percentage (or the mnitial calcu-
lated remaining useful life percentage) to determine and
establish a remaining useful life percentage of the first cable
144 which 1s decreased or increased, respectively, by a
percentage amount which corresponds to the magnitude,
measure, or extent of deviation from the nominal, expected,
and/or normal tension value (1,) of the first cable 144,
which, 1n the present example, may be sixty nine percent
(69%) or seventy one percent (71%), respectively.

If the sensed tension force value (1) as detected and/or
sensed by the first sensor 230a 1s equivalent to, or near, the
mimmum tension value (T,,,) 1n the range ol tension
values, the controller 232 can modify or adjust the initial or
threshold ratio remaining useful life percentage value to
account for the significantly low, e.g., minimum amount, of
tension force experienced by the first cable 144 during use,
and calculate and determine the remaining useful life per-
centage of the first cable 144 by moditying and/or adjusting,
and 1n particular, increasing, the calculated mitial or thresh-
old ratio remaining useful life percentage value by a maxi-
mum amount. It 15 contemplated that, 1n certain embodi-
ments, the minimum tension value (T, ;) can be a singular
value, and each minimum tension value (T,,,,,) included 1n
the ranges of tension values can be equivalent; however,
given that the determination of the remaining useful life
percentage ol the first cable 144 by the controller 232 1s
based upon and defined by, at least 1n part, the initial or
threshold ratio remaining useful life percentage value of the
first cable 144 as determined by and representative of, 1n
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part, the extent of stretching experienced by the first cable
144 (*AL1’or AL1,,, ,), in response to a sensed tension force
value (T.) equivalent to the minimum tension value (T, ),
the controller’s 232 adjustment or modification to increase
the 1n1tial or threshold ratio remaiming useful life percentage
value by the corresponding maximum increase may not
result 1in the calculation of a remaining useful life percentage
of the first cable 144 of one hundred percent (100%),
particularly 1n instances wherein the current calculated 1ni-
tial or threshold ratio remaining useful life percentage value
1s quantified by, reflective of, and/or defined as a function of
an extent of stretching experienced by the first cable 144 as
one which 1s nearing the threshold value.

In one embodiment, the maximum increase 1n response to
a sensed tension force value (T ¢) equivalent to the minimum
tension value (T, ,,,,) can be established based upon, e.g., the
material composition and/or performance characteristics of
the first cable 144, and, 1n one example, can be established
at one of thirty percent (30%), forty percent (40%), fifty
percent (50%), sixty percent (60%), and seventy percent
(70%). To provide a non-limiting, illustrative example
wherein the maximum increase value 1s established at forty
percent (40%), 1n mstances wherein based upon an extent of
stretching experienced by the first cable 144 (e.g., at forty
percent (40%) of the threshold value or lower) the controller
232 determines an 1nitial or threshold ratio remaining useful
life percentage value of sixty percent (60%) or higher, a
corresponding, sensed minimum tension (1,,,,,) value can
result in an adjustment of the initial or threshold ratio
remaining useful life percentage value to a remaining useful
life percentage as determined by the controller 232 of zero
percent (0%); however, 1n instances wherein the 1mitial or
threshold ratio remaining useful life percentage value 1s
calculated at, e.g., fifty percent (50%), thirty percent (30%),
or ten percent (10%), a sensed minimum tension (T,
value can result 1n an adjustment of the initial or threshold
ratio remaimng useful life percentage value to a remaining,
usetul life percentage as determined by the controller 232 of
ninety percent (90%), seventy percent (70%), or fifty percent
(50%), respectively.

Upon the controller’s 232 determination of the remaining
usetul life percentage according to any of the embodiments
as discussed herein, the controller 232 can provide notifi-
cation, including, in part, to an operator of the machine 100
of the remaining useful life percentage of the first cable 144
(as well as the second cable 146 consistent with the fore-
going disclosure) as further discussed herein. In addition, or
alternatively, the controller 232 can further, define, calculate,
and/or provide notification of the remaining useful life of the
first cable 144 (as well as the second cable 146) as an amount
or period of time remaining that the first cable 144 (as well
as the second cable 146) can remain 1n acceptable, operable
use 1n the implement system 120 before reaching the unac-
ceptable operating condition. In one embodiment, the con-
troller 232 can continuously monitor, and update, the
remaining useful life percentage as determined according to
any of the embodiments disclosed above, and can further
apply and process (e.g., via a stored algorithm) the remain-
ing useful life percentage based upon a predefined, estab-
lished total time of operation value for the first cable 144 (as
well as the second cable 146) stored 1n and referenced by the
controller 232 from the associated memory 234 reference
and process of the first cable 144 (as well as the second cable
146) calculate, and provide notification of the remaining
usetul life of the first cable 144 (as well as the second cable
146) as an amount or period (e.g., hours &/or minutes) of
time remaining (remaining useful life percentage value of
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the first cable 144 or the second cable 146 (e.g., 50%)x
corresponding total time of operation value (e.g., 20 hours or

1200 minutes)=remaining useful life operation time (10
hours or 600 minutes). Alternatively, the controller 232 can
calculate, convert, and output/provide notification of the
calculated remaining useful life percentage value as a
remaining useiul life operation time value corresponding
and/or correlated to the calculated remaining useful life
percentage value via a data set, a lookup table, or model
saved within the memory 234 of the controller 232.

INDUSTRIAL APPLICABILITY

As discussed above, during the operation of the imple-
ment system 120, the first cable 144 and the second cable
146 are continuously subjected to tension from the first
tensioning device 140 and the second tensioning device 142
so that they perform their function in an optimal manner.
However, the first cable 144 and the second cable 146 can
wear over a period of time and can stretch beyond a
predetermined limit and can even break 1f not serviced or
repaired (which can lead to loss of productivity due to
machine downtime and i1n some cases can even cause
damage to other components of the drilling apparatus). The
implement system 120 as disclosed 1n the present applica-
tion obviates such a scenario from taking place and elimi-
nates/reduces machine downtime and damage to other com-
ponents of the drilling apparatus. As discussed above and
turther discussed herein, the cable monitoring system 121,
and the included and/or associated components thereof,
including, 1n part, the sensors 230 and the controller 232, 1s
configured to continuously monitor, process, and determine,
in part, the performance, operating condition, and/or remain-
ing useful life of the first and second cables 144, 146 1n real
time. The cable monitoring system 121 and the controller
232 thereof are further configured to provide notification, 1n
real time, to an operator and/or machine management sys-
tem, as disclosed herein, of the current operating condition
and/or remaining useful life of the first and second cables
144, 146 as determined by the cable momitoring system 121.
In providing such notification, the cable monitoring system
121, and controller 232 thereof, can provide the operator
and/or machine management system with the opportunity to
take any appropriate responsive actions, including but not
limited to actions relating to the operation of the machine
100 and implement system 120 thereof, which may be
necessary to prevent any damage to one or more of the first
and second cables 144, 146 (as well as any associated
components of the implement system 120 and/or machine
100). Such notification from the cable monitoring system
121 can further provide the operator and/or machine man-
agement system 1000 (and/or a distribution and supply
system 1001, as discussed herein) with the opportunity to
coordinate, plan, and schedule timely procurement and
deployment of maintenance services and/or personnel to
ensure replacement of one or more of the first and second
cables 144, 146 as necessary to prevent any machine 100
downtime or loss 1n productivity. Furthermore, the cable
monitoring system 121 and the controller 232, based upon
the current operating condition and/or remaining useful life
of the first and second cables 144, 146 as determined
thereby, can responsively take any additional responsive
actions as disclosed above and further disclosed herein, to
guard against and/or prevent any damage, failure, and/or any
other condition which may compromise the acceptable use,
operation, and condition of the first and second cables 144,
146, as well as the machine 100 and systems thereof,
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including, in part, the implement system 120 according to
the various embodiments as disclosed herein.

The controller 232 can continually receive, monitor, and
process the signals, data, information, and the like as dis-
closed according to any embodiment herein, including sig-
nals electronically recerved from the sensors 230, to thus
continually monitor the operation, condition, stresses,
forces, and the like associated with the first and second
cables 144, 146 to determine the operational status (as well
as, 1n an additional embodiment, the remaining useful life)
thereof, 1n real time, as disclosed herein. In response to a
determination by the controller 232 of the operational status
of the first cable 144 and/or the second cable 146 to be
acceptable or satisfactory according to any of the embodi-
ments above, the controller 232 can continue to monitor the
operational status of the first and second cables 144, 146, as
disclosed herein. The controller 232 can additionally gen-
crate and electronically transmit one or more command
signals (which can include any associated data, etc.) to
actuate the display umt 106 of the operator station 116 as
well as, 1n certain embodiments, any one or more additional
suitable devices of the operator station 116 configured to
provide the operator with information, notifications, and
alerts which can include one or more of textual or visual
alerts, audio alerts, and/or tactile/vibrational alerts indicative
of the acceptable or satisfactory operating condition of the
first cable 144 and/or the second cable 146. Specifically, 1n
one embodiment, 1n response to such command signals
(which can include any associated data, etc.) transmitted
thereto from the controller 232 (which can be wvia the
communication device 236), the display unit 106 can be
actuated to provide the operator with notification of the
acceptable or satisfactory operating condition of the first
cable 144 and/or the second cable 146 as well as the
remaining usetul life associated therewith, including, in part,
by displaying textual, graphic, and/or visual words, sym-
bols, numbers, and/or other indicia indicative of the first and
second cables 144, 146 as well as the accompanying accept-
able or satisfactory operating condition (and the remaining
usetul life) thereot, such as, e.g., by displaying a green light,
the term “acceptable” or “satisfactory”, or the like, as well
as the remaining useful life percentage displayed as a
numerical percentage value and/or as a graphical bar, dial,
chart, or the like, associated with each of the first and second
cables 144,146.

In response to a determination of the operational status of
any one or more of the first cable 144 and the second cable
146 to be unacceptable as determined by the controller 232
(and/or a remaining useful life of zero percent (0%)) accord-
ing to and consistent with any of the embodiments as
disclosed above, the controller 232 can responsively gener-
ate and electronically transmit one or more command signals
(which can include any associated data, etc.) to actuate the
display unit 106 (as well as any other suitable devices of the
operator station 116) to provide the operator with notifica-
tion of the unacceptable operating condition of the first cable
144 and/or the second cable 146 which, addition to display-
ing textual, graphic, and/or visual words, symbols, numbers,
and/or other indicia indicative of the unacceptable operating
condition as associated with the corresponding, applicable
one or more of the first and second cables 144, 146 as
discussed above, modified, different, and/or additional noti-
fications can be provided. In particular, to provide an non-
limiting example, the green light displayed by the display
unit 106 may turn to red and may flash, the term “unaccept-
able” may be displayed in one or more of red font, red
flashing font, and/or larger font, and additional notifications
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may be provided by the display unit 106, including one or
more of textual or visual alerts, audio alerts, and/or tactile/
vibrational alerts, as well as visual, textual, and/or audio
instructions informing the operator of the unacceptable
condition as well as any necessary measures or actions to
take 1n response thereto. In embodiments wherein the con-
troller 232 calculates and determines the remaiming useful
life of the first and second cables 144, 146, the display unit
106 can additionally be actuated to display the indicia of the
remaining useful life percentage in a corresponding manner,
c.g., the displayed numerical percentage value and/or
graphical bar, dial, chart, or the like, associated with each of
one or more of the first and second cables 144, 146 having
an unacceptable operating condition can be, e.g., displayed
in one or more of red font, red flashing font, and/or larger
font.

In an additional embodiment, and 1n addition to providing
the notification as disclosed above, immediately upon the
determination by the controller 232 of the unacceptable
operating condition (and/or a remaining useful life of zero
percent (0%), as determined consistent with any of the
embodiments herein) of any one or more of the first and
second cables 144, 146, the controller 232 can generate and
clectronically transmit one or more command signals to one
or more of the components of the implement system 120, the
hydraulic system 208, and/or the machine 100 to deactivate
or otherwise control the actuation thereof in order to prevent
any damage thereto. In one embodiment, upon the determi-
nation of the unacceptable operating condition, the control-
ler 232 can generate and electronically transmit one or more
command signals to deactivate the operation of the first
pump 222 or actuate the displacement of the first pump 222
to a zero displacement mode. The controller 232 can addi-
tionally generate and electronically transmit one or more
command signals to the valves of the hydraulic system 208,
including, i part, the pressure reliet valves 220a, 2205,
and/or those of the one or more valves 226, to relieve and
direct the tension-inducing pressure out of, and prevent any
pressurized fluid from being fluidly communicated into the
corresponding, respective second fluid chambers 205, 205
to thus disengage or deactivate the corresponding, respective
tensioning devices 140, 142 connected to the corresponding,
respective first cable 144 and second cable 146 having an
operating condition determined as unacceptable. Alterna-
tively, upon one of the first and second cables 144, 146
having an operating condition determined as unacceptable,
the controller 232 can responsively generate and electroni-
cally transmit one or more command signals to the valves,
including, in part, the one or more valves 226 as discussed
above, to deactivate both of the tensioning devices 140, 142.
Furthermore, 1n an additional embodiment, upon at least one
of the first and second cables 144, 146 having an operating
condition determined as unacceptable, the controller 232 can
generate and electronically transmit one or more command
signals to deactivate the operation of the second pump 224,
actuate the second pump 224 to a locked or safe mode, or
any other mode which would prevent movement of the drll
head 152 to thus prevent any further tension-inducing stress
and any additional and/or alternative forces from being
transmitted to or otherwise experienced by the one or more
of the first and second cables 144, 146 having an unaccept-
able operating condition.

If, based upon the reception and/or monitoring of the
signals sensed and/or detected by one or more of the one or
more sensors 230 as well as the processing and analysis
thereol according to any embodiment as disclosed herein,
the controller 232 determines, designates, or otherwise
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defines the operational status of any one or more of the first
cable 144 and the second cable 146 as a caution or warning
status as disclosed herein, the controller 232 can respon-
sively generate and electronically transmit one or more
command signals (which can include any associated data,
ctc.) to actuate the display unit 106 (as well as any other
suitable devices of the operator station 116) to provide the
operator with notification of the caution or warning operat-
ing condition of the corresponding one or more of the first
cable 144 and/or the second cable 146. In response to
receiving such signals from the controller 232, the display
unit 106 (as well as any other suitable devices of the operator
station 116) can be actuated to display textual, graphic,
and/or visual words, symbols, numbers, and/or other indicia
indicative of the caution or warning operating condition as
associated with the corresponding, applicable one or more of
the first and second cables 144, 146 as discussed above,
modified, different, and/or additional notifications can be
provided. In particular, in one example, the green light
displayed by the display unit 106 as discussed above may
turn to orange or yellow and may flash, the term “caution”
or “warning” may be displayed in one or more of orange
tont, yellow font, orange flashing font, yellow flashing font,
and/or larger font, and additional notifications may be pro-
vided by the display unit 106, including one or more of
textual or visual alerts, audio alerts, and/or tactile/vibrational
alerts, as well as visual, textual, and/or audio instructions
informing the operator of the caution or warning operating
condition as well as any necessary measures or actions to
take 1n response thereto. In an additional embodiment, the
controller 232 can responsively generate and electronically
transmit one or more command signals (which can include
any associated data, etc.) to actuate the display unit 106 (as
well as any other suitable devices of the operator station 116)
to provide the operator with notification of the caution or
warning operating condition 1n a manner consistent with the
foregoing discussion upon the determination by the control-
ler 232 of the remaining usetul life percentage value of one
or more of the first cable 144 and the second cable 146
approaching a remaining useful life percentage value of zero
percent (0%) and at or within a proximate, critical range
thereto, which, 1n one example, can be upon the determina-
tion of a remaining useful life of less than or equal to one of
twenty percent (20%), ten percent (10%) and five percent
(3%). In addition, the displayed numerical percentage value
and/or graphical bar, dial, chart, or the like, associated with
the remaining useful life display of the one or more of the
first and second cables 144,146 having a remaining useful
life percentage value at or within the proximate, critical
range ol zero percent (0%), as discussed above, can be, e.g.,
displayed 1n, e.g., orange font, yellow font, orange flashing
font, yellow flashing font, and/or larger font.
Simultaneously to and 1n combination with the monitor-
ing, reception, and processing of any of the various signals,
measurements, data, and/or values from one or more of the
one or more sensors 230 and/or stored in the memory 234 1n
connection with the monitoring of the first and second cables
144, 146 by the controller 232 according to any embodiment
as disclosed herein, the cable monitoring system 121 and, 1n
part, the controller 232 thereof, can additionally and respon-
sively control the actuation of the components of the imple-
ment system 120, cable feed system 148, and the hydraulic
system 208 to prevent the first and second cables 144, 146
from experiencing any stresses, forces, and/or other condi-
tions which may compromise the acceptable use, operation,
and condition of the first and second cables 144, 146 and
result in an unacceptable operating condition thereof. In one
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embodiment, concurrently with and based upon the process-
ing and analysis of the signals indicative of any reduction 1n
tensioning force of the first cable 144 and/or the second
cable 146 (e.g., the signal indicative of the degree of
reduction 1n tension force as detected by the respective,
corresponding first sensor 230a/second sensor 2305, and
additionally, or alternatively, the signal indicative of the
degree of the reduction i1n pressure as detected by the
respective, corresponding first pressure sensor 238a/second

pressure sensor 238b) according to the embodiments as
discussed above, 1n combination with the determination of
the degree of imncremental increase ‘AL1°/°AL2’ beyond the
first cable length ‘L.1°/second cable length ‘L2, (or, 1n
certain embodiments, any additional, subsequent incremen-
tal increases ‘AL1,’°, ‘AL1;" . .. “AL1 °/*AL2,’, ‘AL2; . ..
‘AL2 ’) and the comparison thereol with respect to the
threshold value (and the resultant determination of the
operating condition and/or remaining useful life) according
to any embodiment as disclosed herein, the controller 232
can responsively and correspondingly modity (or reduce)
the calculated tensioning force and the resultant, corre-
sponding tensioning force actuation signals to be applied to
the first cable 144 via the first tensioning device 140 and/or
to be applied to the second cable 146 via the second
tensioning device 142, as disclosed above, such that the
respective, corresponding first tensioning device 140/second
tensioning device 142 are prevented from actuation which
retracts, stretches, and/or imparts tension or similar force
upon the first cable 144 or the second cable 146 which would
result 1n any additional incremental increase 1n the respec-
tive length of the first cable 144 and/or the second cable 146
which would exceed the threshold value thereof.

In yet another embodiment, the controller 232 can con-
tinuously calculate and update the operating condition and/
or the remaining useful life of each of the first and second
cables 144, 146 as well as the forces and stresses (e.g.,
sensed tension force values) experienced by each of the first
and second cables 144, 146 continuously and 1n real time
according to any embodiment as discussed herein, and can
responsively control the actuation and operation of the
components of the implement system 120, cable feed system
148, and/or the hydraulic system 208 such that such systems
are prevented from actuation which retracts, stretches, and/
or imparts tension or similar force upon the first cable 144
or the second cable 146 which would result 1n any additional
incremental increase 1n the respective length of the first
cable 144 and/or the second cable 146 which would exceed
the threshold value thereof. Specifically, in one example, the
controller 232, based upon the current remaining useful life
and/or operating condition of each of the first and second
cables 144, 146 and the relationship thereotf with respect to
cach corresponding threshold value and/or the correspond-
ing maximum tension value (T,,,,), the controller 232 can
continuously monitor the tension forces applied to the first
and second cables 144, 146 (e.g., via the respective, corre-
sponding first sensor 230a/second sensor 2305), and can
responsively generate and electronically transmit one or
more command signals to control the components of the
implement system 120, cable feed system 148, and/or the
hydraulic system 208, 111c1ud111g but not llmlted to the first
pump 222, second pump 224, as well as any one or more of
the valves, as disclosed herein (including, 1n part, the one or
more valves 226), to limit and/or prevent any actuation of
any one or more ol such components which results 1n the
application of a tension force equivalent to the maximum
tension value (T, ,,s), or within a range thereof (e.g., one of
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fifteen percent (15%), ten percent (10%), and five percent
(3%)) being applied to either of the first and second cables
144, 146.

In yet another embodiment of the present disclosure as
illustrated 1n FIG. 8, the machine 100 as well as the cable
monitoring system 121, and the controller 232 thereolf, can
be connected 1n electronic commumnication (e.g., via the
communication device 236) with a machine management
system 1000. The machine management system 1000 can

include, 1n part, a distribution and supply system 1001, and
can be embodied as including, in part, a network of a
plurality of electronically and commumnicatively connected
network terminals 1003 (ncluding, at least in part, a
machine management network terminal 1003a, and a dis-
tribution and supply network terminal 10035, as discussed
herein), each including at least 1n part, a controller 1232, a
memory 1234, a communication device 236, and a display
unmit 1106. Each controller 1234, memory 1234, communi-
cation device 1236, and display unit 1106 (including each
controller 1232a, 12326, memory 1234a, 12345, communi-
cation device 12364, 12365, and display unit 1106a, 11065,

as discussed herein), are embodied as consistent with, and
include at least the features, functionalities, and capabilities
which are equivalent to those of the controller 232, memory
234, communication device 236, and display unmit 106 of the
machine 100, as disclosed above; as a result, the disclosures
of the controller 232, memory 234, communication device
236, and display unit 106 of the machine 100 according to
the embodiments discussed above apply equally to and are

incorporated by reference as equivalently applicable to each
controller 1232, 1232q, 12325, memory 1234, 1234a,

12345, communication device 1236, 1236a, 12365, and
display unit 1106, 1106a, 11065. In particular, each display
umt 1106, 11064a. 11065 can be embodied as an mput and
display unit as including the functionalities, capabilities, and
interface format of a tablet computing device (or otherwise
consistent therewith), and can be connected in electronic

communication with the controller 232 of the machine 1000,
as well as the controllers 1232, 1232a, 12325 of the other
machine management network terminals 1003 (as further

disclosed herein) such that, through each display unit 1106,
1106a, 11065, an operator, administrator, and/or system
personnel can electronically transmit and receive data, infor-
mation, notifications, and alerts as well as commands to,
from, and between the various systems of the machine 100
including but not limited to the cable monitoring system
121, as well as the machine management system 1000 and
the distribution and supply system 1001.

The machine management and control site 1002 can
located at the worksite 102, or alternatively may be located
remotely from the worksite 102. The machine management
and control site 1002 includes a machine management
network terminal 1003a, which includes a controller 12324,
a memory 1234a, a communication device 1236a and dis-
play unit 1106a as discussed above. The machine manage-
ment system 1000, and, in particular, the distribution and
supply system 1001 thereof, can include at least one distri-
bution and supply site 1005 (or a plurality thereotf), which
cach of the at least one, or the plurality of, distribution and
supply sites 1005 can be embodied as a distribution and
supply facility having an inventory of replacement parts and
components, including but not limited to a plurality of
replacement first and second cables 1144, 1146. Each of the
least one distribution and supply site 10035 includes a dis-
tribution and supply network terminal 10035, which
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includes a controller 12325, a memory 12345, a communi-
cation device 1236b, and display unit 11065 as discussed
above.

The machine 100 as well as the cable monitoring system
121, and specifically, the controller 232 thereof, can be
connected 1n electronic communication with each controller
12324, 1232) and display unit 11069, 11065 of the machine
management network terminal 10034 of the machine man-
agement and control site 1002 and the distribution and
supply network terminal 100356 of the distribution and
supply site 1005 (e.g., via the respective communication
device 236, 1236a, 1236b), respectively, to electronically
transmit the current operating condition and/or the remain-
ing useful life of each of the first and second cables 144, 146
of the machine 100 as determined by the controller 232
according to any embodiment, as disclosed herein, to each of
the respective, corresponding controllers 1232a, 12325, as
well the one or more command signals (which can include
any associated data, etc.) to actuate the respective, corre-
sponding display units 11064, 11065 to provide notification
of and to display the current operating condition and/or the
remaining usetul life of the corresponding one or more of the
first cable 144 and/or the second cable 146 1n a manner
consistent with and equivalent to that as displayed by the
display unit 106 of the machine 100 as discussed above.

In addition to electronically transmitting the current oper-
ating condition and/or the remaining useful life of each of
the first and second cables 144, 146 of the machine 100, the
controller 232 can additionally electronically transmit one or
more signals indicative of a current location of the machine
100 as determined by a global positioning system trans-
receiver 111a of a global positioning system 111, or any
other suitable device and/or system capable of determining
a location of the machine 100, positioned on the machine
100 and electronically and communicatively connected to
the controller 232, to at least one of, or each of the controller
12324 of the machine management network terminal 1003¢a
of the machine management and control site 1002 and the
controller 123256 of the distribution and supply network
terminal 10035 of the distribution and supply site 1005.

In response, the machine management system 1000, and,
in particular, the distribution and supply system 1001 thereof
can deploy one or more, or at least one mobile service
transport vehicle 1007 (e.g., a truck, a locomotive, a marine
vehicle, a drone, etc.) to provide one or more of a replace-
ment first cable 1144 and a replacement second cable 1144,
1146 to the location of the machine 100 at the worksite 102
upon or prior to a determination by the controller 232 of an
unacceptable operating condition of the respective, corre-
sponding, applicable one or more of the first cable 144 and
the second cable 146. In particular, based upon the process-
ing and analysis of one or more of, and 1n one embodiment,
cach of, the current operating condition and/or the remaining
usetul lite of the first cable 144 and the second cable 146 of
the machine 100, the current location of the machine 100
and/or worksite 102, and the current location of and distance
between the machine 100 and worksite 102 and a proximate
one of the one or more distribution and supply sites 1005
having an inventory of at least one replacement first and/or
second cables 1144, 1146, and, 1n a further embodiment, an
estimated transportation speed of the mobile service trans-
port vehicle 1007, the machine management system 1000,
and, 1n particular, the distribution and supply system 1001
can deploy one or more, or at least one mobile service
transport vehicle 1007 (e.g., a truck, a locomotive, a marine
vehicle, a drone, etc.) from the proximate distribution and
supply site 1005 having an inventory of at least one replace-
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ment first and/or second cables 1144, 1146 to provide one or
more of a replacement first cable 1144 and a replacement
second cable 1144, 1146 to the location of the machine 100
at the worksite 102 upon or prior to a determination by the
controller 232 of an unacceptable operating condition of the
respective, corresponding, applicable one or more of the first
cable 144 and second cable 146.

While aspects of the present disclosure have been par-
ticularly shown and described with reference to the embodi-
ments above, it will be understood by those skilled 1n the art
that various additional embodiments can be contemplated by
the modification of the disclosed machines, systems and
methods without departing from the spirit and scope of what
1s disclosed. Such embodiments should be understood to fall
within the scope of the present disclosure as determined
based upon the claims and any equivalents thereof.

What 1s claimed 1s:

1. A method for monitoring a cable of an implement
system, the implement system including, a drilling device, a
tensioning device, and the cable, the cable coupled to the
drilling device and the tensioning device 1n a taut configu-
ration to define a first length, the method comprising:

determining, by a controller, an increment 1n the first

length of the cable;

comparing, by the controller, the increment in the first

length with a threshold value;

generating, by the controller, a warning signal 1f a mag-

nitude of the increment 1s greater than the threshold
value;

determining, by the controller, a remaining useful life of

the cable; and

controlling operation of the implement system based on

the remaining useful life of the cable.

2. The method of claim 1 wherein determining the incre-
ment 1n the first length of the cable includes:

recerving, by the controller, a magnitude of tension 1n the

cable from a sensor positioned on the tensioning
device; and

calculating, by the controller, the increment 1n the first

length of the cable based on the magnitude of tension.

3. The method of claim 1 wherein determining the incre-
ment 1n the first length of cable includes:

determiming, by the controller, a second length of the

cable;

comparing, by the controller, the second length with the

first length to determine the increment 1n the first length
of the cable.

4. The method of claam 1 wherein determining the
remaining useful life of the cable 1s based on one or more
parameters associated with the cable wherein the one or
more parameters include tension 1n the cable, the increment
in the first length of the cable and a load on the cable.

5. The method of claim 1 wherein the warning signal 1s
configured to display a warning image and/or to trigger an
audio alarm.

6. The method of claiam 1 wherein the controller 1s
configured to control the operation of the implement system
to limit an application of a tension force in the cable based
on the remaining useful life of the cable.

7. The method of claim 1 further including generating a
notification of the remaining useful life of the cable.

8. An implement system for a drilling machine compris-
ng:

a drilling device;

a tensioning device;

a cable coupled to the drilling device at one end and the

tensioning device at a second end 1n a taut configura-
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tion to define a first length, the cable configured to
move the drilling device with respect to a ground
surface;
a sensor positioned on the tensioning device and in
communication with the cable, the sensor configured to
detect one or more parameters associated with the
cable; and
a controller communicably coupled to the sensor, the
controller configured to:
determine an icrement 1n the first length of the cable;
compare the increment 1n the first length with a thresh-
old value;

generate a warning signal 11 a magnitude of the incre-
ment 1s greater than the threshold value;

determine a remaining usetul life of the cable; and

control the implement system based on the determined
remaining useiul life of the cable.

9. The implement system of claim 8 wherein the tension-
ing device includes:

a cylinder; and

a piston coupled to the cable and in communication with
the sensor.

10. The implement system of claim 8 wherein the con-

troller 1s further configured to:

receive a magmitude of tension in the cable from the
sensor; and

determine the increment 1n the first length of the cable
based on the magnitude of tension.

11. The implement system of claim 8 wherein the con-

troller 1s further configured to:

determine a second length of the cable; and

compare the second length of the cable with the first
length to determine the increment 1n the first length of
the cable.

12. The implement system of claim 8 wherein the con-

troller 1s further configured to:

receive the one or more parameters associated with the
cable from the sensor, wherein the one or more param-
eters include tension 1n the cable, the increment 1n the
first length of the cable, and a load on the cable; and

determine the remaining useful life of the cable based on
the one or more parameters of the cable.

13. The implement system of claim 8 wherein the warning

signal 1s configured to:

display the warning signal on a display unit of the drilling
machine; and/or

trigger an audio alarm within an operator cabin of the
drilling machine.

14. The implement system of claim 8 wherein the con-
troller 1s further configured to generate a notification of the
remaining uselul life of the cable.

15. A dnlling machine comprising:

a frame;

a mast mounted on the frame;:

a rotary head movable along the mast;
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a drilling tool coupled to the rotary head, the drilling tool
configured to rotate upon being engaged by the rotary
head;
one or more cables coupled to the rotary head for moving,
the rotary head relative to the mast;
one or more tensioning devices coupled to the one or more
cables, the one or more tensioning devices configured
to remove slack created 1in the one or more cables;
a sensor communicably coupled with the one or more
cables, the sensor configured to detect one or more
parameters associated with each cable of the one or
more cables, wherein the one or more parameters
include tension 1n the cable, the increment 1n length of
each cable, and a load on the cable; and
a controller communicably coupled to the sensor, the
controller configured to:
determine an increment in length of each cable based
on the one or more parameters associated with each
cable;

compare the imncrement 1n length of each cable with a
threshold value;:

generate a warning signal 1f the increment 1n length of
at least one cable of the one or more cables 1s greater

than the threshold value;
receive the one or more parameters associated with
each cable from the sensor;
determine a remaining useful life of each cable based
on the one or more parameters ol each cable; and
control operation of implement system based on the
remaining useiul life of the one or more cables.
16. The dnlling machine of claim 15 wherein each
tensioning device ol the one or more tensioning devices
includes:
a cylinder; and
a piston being in communication with the sensor.
17. The drilling machine of claim 135 wherein the con-
troller 1s configured to:
recetve a magnitude of tension in each cable from the
sensor; and
calculate the increment 1n length of each cable based on
the magnitude of tension.
18. The drilling machine of claim 15 wherein the con-
troller 1s configured to:
determine a new length of each cable; and
compare the new length of each cable with an original
length to determine the increment 1n the original length
of each cable.
19. The drilling machine of claim 15 wherein the warning
signal 1s configured to:
display the warning signal on a display unit of the drilling
machine; and/or
trigger an audio alarm within an operator cabin of the
drilling machine.
20. The drilling machine of claim 15 wherein the con-
troller 1s further configured to generate a notification of the
remaining useful life of the cable.
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